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Rossum’s Universal Robots 

THEATER GOERS of three, or four, years ago will 
remember with pleasure Capek’s play, R. U. R., as pro- 
duced by the Theater Guild of New York. Possibly the 
present generation will not live to see organic chemistry 
advanced to the point where protoplasm can be pro- 
duced artificially, and so, will never know the joys and 
sorrows of hunting sawdust, or shavings, to furnish their 
stoic servants with a nice palatable breakfast. 

Robots were made of manufactured flesh and blood, 
without emotions, or. feeling, but capable of understand- 
ing instructions and performing manual labor of all 
kinds. The factory was located on an isolated isle in the 
Pacific and the earth was becoming a pleasant place to 
live on until Woman, with her eternal discontent and 
inheritance of Eve, started complications. Inveigled 
by her, the chief chemist built a few robots with emo- 
tions and intelligence and they, organizing the millions 
of other robots, soon overthrew and annihilated the 
people, gaining complete control of the earth. 

Engineers, being a domestic, home-loving lot as a 
rule, realizing the feminine danger and human weak- 
ness, have followed along strictly mechanical lines so as 
to eliminate the possibility of the machine ever being 
endowed with intelligence enough to overthrow man. 
The monster at the top of the column with its heavy 
close set head, its nerve centers in the cab and long ex- 
tended arms feeding the capacious maw like a gigantic 
crab would have excited the venerable Don Quixote to 
deeds of immortal bravery. 

To man, however, it is simply a mechanical robot, 
a method of saving human labor in connection with coal 
handling problems, another type to add to those covered 
briefly in a general article on fuel handling on page 589. 
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Richmond (joes on the Line 
With 100,000 Kilowatts 
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New GENERATING STATION OF THE PHILADELPHIA Evectric Co. WILL 
Have AN Uutimate: Capacity or at Least 600,000 Kitowarts. 


ICHMOND STATION, the new generating 
plant of the Philadelphia Electric Company, 
is located on the bank of the Delaware River, 
a few miles northeast of Philadelphia proper. 
This station, destined to be the company’s 

largest plant, that is, at least for several years to come, 
was built to meet the constantly growing demand for 
electric power in the Philadelphia district. It is only a 
little over six years ago since construction was started on 
another of this company’s plants but the demand for 
power has been so great that although this plant was 
planned for an ultimate capacity of 180,000 hp., it was 
entirely completed by the end of 1924. This was Dela- 
ware Station. Even before Delaware attained its ulti- 
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FIG. 1. PLAN OF RICHMOND STATION 


mate capacity, it was evident that a new and larger 
station was needed and so the site for Richmond was 
decided upon. 

Richmond at the present time is planned for an ulti- 
mate capacity of 600,000 kw. but a study of power sta- 
tion development during the past five years shows that 
such an estimate must not be taken too seriously or, if it 
is, it must be regarded as the minimum ultimate capac- 
ity. Development in turbine design and in other power 
station equipment is advancing so rapidly that the ma- 
chine of this year is overshadowed by the machine of next 
year. A few years ago, a 35,000-kw. turbine-generator 
was considered a large machine; today, machines of 
40,000, 50,000 and 60,000 kw. are in operation and ma- 
chines of 80,000 kw. are under construction. Machines of 
200,000 kw. are being talked of. It is evident, therefore, 
that a station whose ultimate capacity is based upon the 
installation of the largest machines available at the time 
the initial unit is built will not (unless the original plan 
is altered to accommodate the use of larger machines as 
they become available) be taking full advantage of the 
progress in the art. 

At present the units installed at Richmond are rated 
at 50,000 kw. each. With four machines in a section the 
ultimate section capacity is 200,000 kw. or 600,000 kw. 
for the three sections planned. All ratios are based upon 
these capacities. It is, however, as has been indicated, 
by no means assured that this plan will be adhered to 
rigidly in the construction of the future sections, since 
that would imply a total disregard for the advantages 
to be derived from possible future improvements in 
design. 
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Even the present units are designed quite liberally. 
Loads in excess of rating have already been carried and 
it is feasible by slight construction changes to increase 
the rating materially. Ample boiler capacity is avail- 
able for these increased ratings. It is apparent then 
that the capacity values stated are to be considered mini- 
mum rather than maximum. 


GENERAL FEATURES OF THE STATION 


Before taking up in detail the steam-electrical engi- 
neering features of this station, it may be of interest to 
discuss briefly some of the more general features relat- 
‘ing to the site and the building structures. The prop- 
erty consists of two separate plots, irregular in shape, 
with a portion of the sewage disposal plant property of 
the City of Philadelphia between. The up-river plot, 
consisting of about 31.4 acres, with 1520 ft. of river 
frontage and adjoining the bridge of the seashore line of 
the Pennsylvania Railroad, is occupied by the station. 
The lower plot of about 32.5 acres and extending 1588 
ft. along the river has been reserved for coal storage. 

As the station stands, the complete sub-structure and 
buildings required to accommodate four turbo-generator 
units have been constructed (one-third of the ultimate 
project) and two generator units, together with boilers 
and all associated equipment, installed. An outdoor 
substation for stepping current up to 66 kv. is located 
along the edge of the property adjoining Delaware 
Avenue. The buildings were erected by Stone & Web- 
ster, Inc. 

Water for condenser circulating purposes is drawn 
from the Delaware River through concrete intake tun- 


nels, one for each of the three proposed sections of the 
station and discharged through two discharge tunnels 
arranged as shown in Fig. 5. 

In the exploration of the sub-surface conditions at 
the plant site, the first rock was encountered at a depth 
of about 100 ft., while two gravel strata of good bearing 
qualities were found at 17 and 40 ft. respectively below 


grade. The station building foundations consist of 
spread footings resting on the upper of these strata. 
For the coal tower, around which a depth of 18 ft. at 
low tide is required, the foundation has been carried 
down to the lower gravel stratum. 

Architecturally, Richmond Station is exceedingly 
attractive, resembling a museum more than it does a 
power plant. The exterior is white concrete, rubbed to 
resemble stone. No brick or other wall facing is used 
either inside or out. The frame members of the super- 
structure are of silicon steel (a material less familiar for 
structural purposes than for its magnetic properties) 
and concrete, with reinforced concrete walls and roof 
slabs throughout except for the turbine hall roof which 
is of gypsum. The interior surfaces are rubbed and 
painted. 

The three sections comprising the ultimate station 
will be built as entirely separate units, as near alike as 
future conditions may permit. As shown on the draw- 
ings, between the turbine hall and the switchhouse is a 
three-story connecting building, the first floor of which 
is level with the turbine hall floor and the first floor of 
the switchhouse, leaving an open court at the ground 
level. 

As at other stations of its kind, the turbine hall at 
Richmond is the center of attraction, at least from a 
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purely aesthetic viewpoint. It is a magnificent room, 
with a great arched ceiling and glistening white walls, 
large enough it seems to float the proverbial battleship. 
It just lacks one foot of being 300 ft. long. It is well 
proportioned and the casual observer may not at the 
first glance appreciate its enormous dimensions but, 
when one stands on the condenser floor and looks up a 
distance of 150 ft. to the dome above the turbine room 
and considers that an eight to ten-story office building 
could be built beneath the ceiling, the room takes on a 
new significance. 

The main turbine units are mounted on island type 
foundations with the shafts at right angles to the long 
dimensions of the turbine hall. This arrangement is 
similar to that employed at Delaware and has much to 
recommend it. The steam ends are placed toward the 
boiler room, facilitating piping, the generators are 
arranged in one row along the wall adjacent to the 
switchhouse so as to permit short generator leads, and 
the condenser and associated equipment is easily acces- 
sible at all times. A six-motor crane of 125 t. capacity 
and 114 ft. span will handle with liberal margin the 
heaviest equipment part in the station, that is, the gen- 
erator armature. : 

The boiler room is approximately square with the 
24 boilers arranged in four rows of six as shown on Fig. 
1. This arrangement permits a firing aisle between each 
two rows and makes it possible to supply all the stokers 
from two coal bunkers, one over each firing aisle. 

In addition to the boiler room, turbine room and 
switchhouse, an administration building is to be included 
in the initial installation from which supervision of the 
entire station will be exercised, and in which all activ- 
ities of other than a strictly operating nature will be 
conducted. The offices of the station superintendent and 
his staff, restaurant, library, lecture and conference 
rooms and similar facilities, will be in this building. 

An approximate idea of the dimensions, areas and 


FIG. 2. BOILERS ARE ARRANGED IN ROWS OF SIX WITH THE 
FIRING AISLE BETWEEN ROWS 
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volumes of the principal divisions of the present section ~~ 


may be obtained from the following table: 
Length Depth Area Sq.Ft.-Volume Cu.F‘t. 
Ft. Ft. Total perKw. Total perKw. 
Boiler House. 275 250 68,800 .344 7,600,000 38.0 
Turbine Hall. 311 152 47,400 .237 6,200,000 31.0 
Switch House. 230 140 27,100 .136 2,875,000 14.4 
These dimensions, it must be understood, refer only to 
the unit which is now in operation. There will be three 
such units in the ultimate layout giving an overall 
length of the station of approximately 1000 ft. 

It may also be of interest to present briefly the per- 
centage distribution of costs. It must be understood, 
however, that in these figures, no allowance has been 
made for the fact that parts of the present construction 
are applicable to the first section and other parts of the 
station included in the ultimate plan. The percentages 


are as follows: 
: Per cent of 


Total Cost 


Piers and Bulkheads 

Dredging 

Yard (Fill, Track, Paving, Planting) 
Substructure 

Tunnels and Screening Basin 
Superstructure 

Coal Tower and Conveyor Structures 
Coal Handling Equipment 

Boilers and Stokers 

Draft Equipment, Stacks, Flues 
Feed Water Equipment 

Boiler Plant Piping 

Miscellaneous Boiler Plant Equipment 
Turbo-generators and Foundations 
Condensers, Auxiliaries and Water System 
Electrical Equipment 

Miscellaneous Plant Equipment 


Coa anp AsH HanbLING EquiPpMENT 


All coal is delivered by water on barges either from 
the Port Richmond loading piers, from the local storage 
lot, or from the principal storage of the company on 
Petty’s Island, a short distance down the river. The 
coal normally supplied is Clearfield run-of-mine, me- 
dium volatile bituminous. The complete coal handling 
equipment is shown in isometric projection in Fig. 4. 


FIG. 4. ISOMETRIC VIEW OF COAL AND ASH HANDLING 
SYSTEM 


FIG. 5. THE CIRCULATING WATER SYSTEM 
' 


As shown on this drawing and also in the plan, Fig. 1, 
the complete station will be served by two coal piers, one 
opposite each of the spaces between boiler houses. 

Coal is removed from the barges direct by a grab 
bucket operating from a coal tower at the end of each 
coal pier. The bucket delivers directly into the hoist 
hopper at the top of the tower, from which in turn it is 
delivered to an apron feeder, picking tables and crush- 
ers with two-way hoppers to conduct the uncrushed coal 
to the desired crusher and the crushed coal to the de- 
sired belt conveyor. Provision is also made for bypass- 
ing coal directly from the hoist hopper to the belt con- 
veyors if desired. From the lower.part of the tower 
coal is delivered by inclined belts running in separate 
fireproof compartments to the top of the boiler house. 
The main belts run over weightometers at the tower end 
so as to furnish a continuous record of the amount of 
coal used. The two hoists on each tower have a capacity 
of 325 gross tons per hour and the bunker capacity in 
the boiler room is sufficient for a two days’ supply. 

The inclined belts from the coal towers deliver the 
coal at the top of the boiler house to two horizontal belt 
conveyors above each set of coal bunkers. From these 
coal bunkers coal is fed directly to the stoker hoppers 
through coal feeder pipes, four to each boiler. 

Ash is removed from the ash pits by narrow gage 
dump cars running on tracks in the basement of the 
plant and hauled by a 4-ton storage battery locomotive. 
The ash trains deliver to an open ash pit outside of the 
boiler house, from which in turn the ash is removed by 
a locomotive crane and transferred to barges. 

The general arrangement of the boiler room has 
already been described. Each of the twelve three-bank 
Stirling boilers installed in the present section is rated 
at 1570 hp. Each unit has 15,697 sq. ft. of heating sur- 
face (1.88 sq. ft. per installed kw.) and is built for a 
working pressure of 400 lb. per square inch gage. 

A B. & W. superheater of 2822 sq. ft. heating surface 
giving a steam temperature at the outlet of 707 deg. F. 
is installed between the first and second tube banks. 
This superheater is of the triple tube type. Integral 
with the boiler is the two-drum Stirling type economizer 
of 7515 sq. ft. of surface. A preheater has a total sur- 
face of 22,072 sq. ft. and is fitted with two soot blower 
elements. These are installed one on each side just 
ahead of the superheater. 

All furnaces are equipped with Bailey water-cooled 
side and bridge walls, views of which are shown in the 


_ accompanying photographs. As viewed from the fur- 
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Principal Equipment at Richmond Station 


Prime Movers 


Main turbines General Electric Co. 
2—50,000-kw. horizontal, 20-stage, Curtis, 1800- 
r.p.m. Steam at throttle 375 lb. ga., 675 deg. F., 
bled from 10th, 12th, 15th and 18th stages. 
Economical load at 29 in. vac., 42,000 kw. Eco- 
nomical load at 27.5 in. vac., 37,800 kw. 
Main generators General Electric Co. 
2—4 pole, 62,500 kv.a., 50,000 kw., 80 per cent 
power factor, 13,800 v., 2618 amp., 3 phase, 60 
cycles, 11.8 per cent reactance. 
Exciters General Electric Co. 
Direct-current to main units. 6 pole, 250 kw., 250 
v., 1000 amp., shunt wound. 


MAIN CONDENSERS AND AUXILIARIES 


Condenser No. 11....Westinghouse Electric & Mfg. Co. 
1—70,000 sq. ft. surface. 12,734—1 in. dia. B. A. 
tubes. To condense 500,000 Ib. steam per hr. 
Friction drop through condenser when circulat- 
ing 78,000 g.p.m. is 13.5 ft. 
Condenser. Bio. 20 5:6. ss <s0e> <0 C. H. Wheeler Mfg. Co. 
1—70,000 sq. ft. 12,720—1-in. Scovill tubes. 500,- 
000 lb. steam per hr. Friction loss when pass- 
ing 78,000 g.p.m. circulating water = 12.4 ft. 
Circulating Pumps, Machine No. 11 
Westinghouse Electric & Mfg. Co. 
2—centrifugal pumps. 215 r.p.m., 78,000 g.p.m.— 
one pump operating. 100,000 g.p.m.—two 
pumps operating. Total head when passing 
78,000 g.p.m. = 19.23 ft. Direct connected to 
500-hp., 3-phase, 2200-v. induction motor. 
Condensate Pumps, Machine No. 11 
Westinghouse Electric & Mfg. Co. 
2—centrifugal. 1750 r.p.m., 1200 g.p.m., 151 ft. 
total head. Direct connected to 100-hp., 3-phase, 
2200-v. induction motor. 
Circulating Pumps, Machine No. 10 
PS ee ee ee ee eT C. H. Wheeler Mfg. Co. 
2—Class C, 54 in. 215 r.p.m., 78,000 g.p.m.—one 
pump operating. 100,000 g.p.m—two pumps 
operating. Direct connected to 500-hp., 2200-hp. 
induction motors. 
Condensate Pumps, Machine No. 10 
PETS eS ee ET EEE C. H. Wheeler Mfg. Co. 
2—2-stage split horizontal, 8 in., 1150 r.p.m., 1200 
g.p.m., 151 ft. T. H. Direct connected to 100- 
hp., 2200-v. G. E. motors. 
Air Pumps—1, No 10; 1, No. 11 
Shee ew absS osboees samen e C. H. Wheeler Mfg. Co. 
2—Radojet, 2-stage, 274 lb. dry air per hr. total. 
Steam consumption—1800 lb. per hr. total. 
Air Pumps—1, No. 10; 1, No. 11 ° 
Westinghouse Electric & Mfg. Co. 
2 hydraulic air pumps, 12 in. discharge. 500 
r.p.m., 1000 g.p.m. of hurling water at full load. 
Direct connected to 50-hp., 3-phase, 2200-v. in- 
duction motor. 


Heat TRANSFER EQUIPMENT 


Low-Pressure Heaters Cochrane Corp. 
2—closed type, 2560 sq. ft. each, horizontal, 4 pass. 
Capacity, 450,000 lb. per hr. with a friction loss 
of 11 ft. Maximum steam pressure, 5.21 Ib. 

per sq. in. abs. 

High-Pressure Heaters Cochrane Corp. 

2—closed type, 4 pass. horizontal, 2000 sq. ft. each. 
Capacity, 600,000 lb. per hr. with a friction 
loss of 15.38 ft. Maximum steam pressure = 
75.4 per sq. in abs. 

Deaerators Cochrane Corp. 
Deaerator systems, each containing 1 vent con- 
denser, 350 sq. ft.; 1 liquid heater, 2900 sq. ft.; 
1 deaerator shell, 1350 sq. ft.; 1 Nash air pump. 

Evaporators Griscom-Russell Co. 

2—evaporator units. Each consists of the fol- 
lowing: 2 evaporator shells = 295 sq. ft. each, 
outside heating surface; 1 surface condenser = 


1058 sq. ft.; 2 heat exchangers — 35.4 sq. ft.; 
2 recirculating pumps—Goulds. Single stage, 
double suction, direct connected to 1%-hp., 
220-v., 2-phase motor; 2 trap drainers, 14 in. 
G.R.; capacity = 12,000 lb. per hr., Normal 
with 3rd bleeder; 19,100 with 4th blgeder. 
Generator Air Coolers General Electric Co. 
2 coolers, each containing 6 sections of 3281 sq. ft., 
each requiring 1620 g.p.m. cooling. Head loss 
through coolers = 6 ft. of water. Air loss = 
1.5 in. of water, 110,000 cu. ft. per min. 


Boiler Feed Pumps A. S. Cameron Co. 
4—6-stage, single suction, 1750 r.p.m., 1250 g.p.m. 
at a temperature of 175 deg.—236 deg. F., 8 ft. 
submergence. 1204 ft. discharge head. Direct 
connected to 550-hp., 220-v. Westinghouse induc- 

tion motors. Regulated by R. K. regulators. 


Boiler Feed Pumps A. S. Cameron Co. 
2—6-stage, single suction, 1850 r.p.m., 1600 g.p.m. 
at a temperature of 100 deg. F., 8 ft. submer- 
gence, 1204 discharge head. Direct connected 
to 700-hp. non-condensing Terry turbine having 
a W. R. of 25.1 Ib. per hp-hr. at this load. 
Steam conditions, 375 lb. per sq. in. ga., 675 deg. 
F. total temp., 18 lb. per sq. in. abs. back pres- 
sure. 
City Water Pumps 
Worthington Pump & Machinery Corp. 
2—2 in., 2-stage pumps, 1750 r.p.m., 60 g.p.m., 186 
ft. total head. Direct connected to 7%-hp., 
220-v., G. E. induction motors. 
Condensate Storage Pumps 
DeLaval Steam Turbine Co.-Dravo-Doyle 
1—8 in., single-stage pump. 2800 r.p.m., 2000 
g.p.m. at a temp. of 175 deg. F. Zero suction, 
112.5 deg. discharge head. Direct connected to 
80-hp. velocity stage, non-condensing DeLaval 
turbine. W. R. = 28.5 lb. hp-hr. at this load. 
Steam conditions, 375 lb. per sq. in. ga., 675 
deg. F. total temp., 18 lb. per sq. in. abs. back 
pressure. ; 
Condensate Storage Pumps 
DeLaval Steam Turbine Co.-Dravo-Doyle 
2—4 in., single-stage pumps, 1750 r.p.m., 500 
g.p.m. at 175 deg. F. Zero suction, 86 ft. dis- 
charge head. Direct connected to 20-hp., 220-v. 
G. E. induction motors. 
Sorsen Washing Pumps Goulds Mfg. Co. 
2—3-stage pumps, 1750 r.p.m., 500 g.p.m. at 80 
deg. F., 18 ft. suction, 232 ft. discharge head. 
Direct connected to 50-hp., 220-v. G. E. motors. 


River Water Pumps DeLaval-Dravo-Doyle 
2—single stage, 1760 r.p.m., 3000 g.p.m., 20 ft. 
suction, 245 ft. discharge head. Temp. water, 
- 85 deg. max. Direct connected to 275-hp., 
2200-v. Westinghouse motors. 

River Water Pumps DeLaval-Dravo-Doyle Co. 
1—single stage, 1900 r.p.m., 4000 g.p.m., 20-ft. 
suction, 245-ft. discharge head. Temp. water, 
85 deg. F. max. Direct connected to 350-hp. 
non-condensing Terry turbine. Steam condi- 
tions, 375 lb. per sq. in. ga., 650 deg. F. total 

temp., 18 Ib. per sq. in. abs. back pressure. 


Fire Pump Worthington Pump & Machinery Corp. 
1—2-stage, 1500 g.p.m., 1750 r.p.m. pump, 15 ft. 
suction, 125 lb. per sq. in. discharge head. 

Direct connected to 200-hp., 2200-v. G. E. motor. 


Fire Pump Worthington Pump & Machinery Corp. 
1—2-stage, 1500 g.p.m., 1750 r.p.m. pump, 15 tt 
suction, 125 Ib. per sq. in. discharge head. 
Direct connected to 170-hp., non-condensing 
Terry turbine. Steam conditions, 375 lb. per sq. 
in. ga., 675 deg. F. total temp. 
Turbine Oil Storage Pumps..Viking-W. H. Egan & Co. 
8—2%-in. Viking H.P. rotary reciprocating pumps, 
83 g.p.m., 197 ft. total head, 500 r.p.m. Motor 
is 1750 r.p.m., 3.5 to 1 gear ratio. 
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Principal Equipment at Richmond Station 


Emergency Oil Pump for Turbine 
Viking-W. H. Egan & Co. 
1—4-in. Viking Idler type H.P. rotary reciprocat- 
ing pump, 250 g.p.m., 125 lb. per sq. in. total 
pressure, 680 r.p.m. of pump, 1750 r.p.m. of 
motor, 2.57 to 1 gear ratio. 
Heater Pump...Worthington Pump & Machinery Corp. 
2—3-in. centrifugal pumps, 210 g.p.m., 1150 r.p.m., 
total dynamic head 162 ft., 13.5 ft. submergence. 
Direct connected to 15-hp., 220-v. motors. 


BorteR EQUIPMENT 


Boilers Babcock & Wilcox Co. 
12—Class XIII, No. 55 Stirling boilers, 15,697 sq. 
ft. heating surface, 3% in. tubes, 42 in. drums, 
400 lb. per sq. in. ga. pressure, 707 deg. F. total 
steam temperature. 
Superheaters Babcock & Wilcox Co. 
Triple tube located between passes, 2822 sq. ft. 
per boiler. Ratio of superheater surface to 
boiler surface — .1797. 
Economizers Babcock & Wilcox Co. 
Integral, 2 drum, 7515 sa. ft. per boiler. Ratio 
economizer to boiler surface — .479. 
Air Heater Babcock & Wilcox Co. 
Tubular, 22,072 sq. ft. per boiler. Ratio of A.H. 
to boiler surface = 1.404. 
American Engineering Co. 
10—Taylor, 15 retort, 25 tuyeres, 337 sq. ft. projected 
area, 362 sq. ft. active area. Furnace volume 

= 7860 cu. ft. per boiler. 
Westinghouse Elec. & Mfg. Co. 
2—15 retort, 25 tuyeres. 365 sq. ft. active area. 

Stoker Motors . 
All stokers driven by 15-hp., 250-v. Westing- 
house d.c. motors. 

Forced Draft Fans B. F. Sturtevant Co. 

12—60,000 c.f.m., 9.85 ft. S.H., 1165 r.p.m., 5 control 
points, 1 per boiler. Direct connected to 125-hp., 
2200-v. G. E. wound-rotor induction motors. 


Induced Draft Fans 
24—45,000 c.f.m., 4.85 in. S.H., 375 deg. F. max. 
gas temp., 5 control points, 2 per boiler, 690 
r.p.m. Direct connected to 60-hp., 2200-v. G.E. 
induction motors. 
Generator Air-Cooler Fans..Green Fuel Economizer Co. 
7%, “RB-12” Radial Flow Fans, 1165 r.p.m., 
55,000 c.f.m., 11 in. S.H., 104 deg. F. max. air 
temp., 2 per gen. Direct connected to 150-hp., 
2200-v. Westinghouse induction motors. 
Coal Hoisting Link-Belt Co. 
2—Coal hoisting sets, 325 long tons each, consist- 
ing of 1 hoisting machine, 1 trolley machine, 1 
main trolley wagon, 1 auxiliary trolley wagon, 
1—Clamshell bucket of 1% ton capacity, hoisting 
speed, 1000 ft. per min:; trolleying speed, 500 
ft. per min.; 1 400-hp., 400-r.p.m., 2200-v. G.E. 
motor for hoisting; 1 50-hp., 565-r.p.m., 2200- 
v. G.E. motor for trolleying. 
Storage Battery Locomotives Atlas Car Mfg. Co. 
2—4-ton locomotives with Edison A-6 batteries 
capable of hauling, 4 cars each for ash han- 
dling. 
Coal Conveyors Robins Conveying Belt Co. 
2—Coal receiving hoppers in tower, 2 coal crush- 
ers, 2 picking table conveyors, 2 main inclined 
conveyors between coal tower and boiler house, 
2 conveyors between boiler houses, 2 cross con- 
veyors over bunkers. 
Richardson Scale Co. 
8—Automatic scales, 4 on each test boiler, Nos. 49- 
50, 200 lb. per dump. : 
Weightometers Merric Scale Co. 
2—Weightometers, one on each main conveyor, 325 
long tons per hr. each. 
Sime < sii cios is cheetahs Ue CoN a Di e-80% T. H. Livezey 
4—-stacks, steel shell, brick lined, 1 per 3 boilers. 
14.5 ft. I.D. of brick. 16°ft. 5% in. O.D. of 


steel. 81 ft. high above stack foundation sup- 
ported on building. 

Breeching Connery & Co. 
46 sq. ft. per boiler with Connery type expan- 
sion joints. 

Oil Filter DeLaval-Dravo-Doyle 

1—No. 600 DeLaval portable oil purifier for transil 
and turbine oil. Complete with truck, purifier, 
cooling tank, pumps, motors, electric heater. 
Pump head varies between 10 and 140 ft. Cap. 
350 g.p.m. Equipment operates on .220-v., 60- 
cycle, 4-wire service. Electric heater raises 
temperature of oil from weather temperature 
to 50 deg. C. 
Oil Strainers Andale Engineering Co. 
2—4-in. iron body bronze yoke strainers for tur- 
bine lubricating oil. 


VALVES AND PIPING 

Hydraulic Operated Valves Atwood & Morrill Co. 
Emergency valves for heaters, including pilot 
valves. oti 

Heater Drainers Atwood & Morrill Co. 
Float operated drain valves. 

Low-Pressure Circulating Water Valves 

Chapman Valve Co. 
4—62-in. iron body bronze mounted, outside screw 
and yoke type motor operated gate valves. 

H. P. Piping M. W. Kellogg Co. 
Steam mains are seamless hot-rolled steel tub- 
ing, 420 lb. sq. in. working pressure, 800 Ib. sq. 
in. test pressure. 

All other H.P. piping under 4-in. cold-drawn 
seamless steel tubing. 4 in. and over—hot- 
rolled seamless steel tubing. Working pressure, 
400 lb. sq. in. gage. 

Test Pressure—4 in. and under, 1000 lb. sq. in., 
over 4 in., 800 Ib. sq. in. 

2 in. to 4 in. incl., swivel flanges; 6 in. and 
larger, fixed flanges. 

Oil and Settling Tanks T. H. Livezey 

H. P. Valves The Lunkenheimer Co. 
All small high pressure valves, 2 in. and under. 
All high pressure valves, 2% in. and larger. 

Angle Stop and Check Valves...Schutte & Koerting Co. 

12—10 in. H.P. cast-steel, toggle top type valves. 
11—to be Monel metal mounted. 1—to be Ever- 
brite metal mounted. 

H. P. Stop and Check Valves....Foster Engineering Co. 

48—4-in. angle check valves, dash pot style. 6—10- 
in. angle check valves, dash pot style. 24—4-in. 
automatic non-return stop and check valves. 

Emergency Trip Valves Schutte & Koerting Co. 

2—20-in. H.P. steel body, Monel mounted with sole- 
noid operated trip. 

River Water Tanks Coatsville Boiler Works 

City Water and Surge Tanks, Flushometer Tanks... 

T. H. Livezey 
Lancaster Iron Works 

Compressed Air Tank.................+- T. H. Livezey 

Air Separator Tank Lancaster Iron Works 

Air Compressor Ingersoll-Rand Co. 
2 Duplex, cross compound, direct connected, 
motor-driven, 895 c.f.m., actual free air each. 
190-hp., 257-r.p.m., 2400-v. motor. 

. Roberts Filter Co. 
6—Horizontal filters, 8 ft. inside diam., 20 ft. long. 

Each of 475 g.p.m. capacity. 
Screening Basin Link-Belt Co. 
8—Intake screens, speed of screens, 10-r.p.m. Con- 
nected to 1800-r.p.m., 5-hp., 220-v. G. E. motors 

by means of reduction gears. 
8—Cast-iron guideways for raising and lowering 

screens. 

Turbine Hall Crane Niles-Bement Pond Co. 

1—6 motor electric traveling crane, 125 ton cap., 
114 ft. span. Equipped with 2—80-ton trolleys, 
one trolley having 10-ton auxiliary hoist. 
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FIG. 6. HEAT BALANCE DIAGRAM 


nace side, the Bailey water-cooled walls are shown under 
construction in Fig. 7 and after completion in Fig. 8. 
The back of the Bailey bridge wall appears as in Fig. 
11. The furnaces have a volume of 7800 cu. ft. which is 
equivalent to .935 cu. ft. per installed kw. or to .496 
cu. ft. per sq. ft. of boiler surface. 

Forced draft to each boiler is supplied by a 60,000- 
eu. ft. per min., 1165-r.p.m. Sturtevant fan driven by 
a 125-hp., 2200-v. General Electric Company wound 
rotor induction motor. Induced draft is supplied by 
two fans per boiler. These are of 45,000 cu. ft. per min. 
capacity handling gases at a temperature of 370 deg. F. 
against a static head of 4.85 in. and were made by the 
American Blower Company. They are driven directly 
by 60-hp., 2200-v. General Electric induction motors. 

Taylor underfeed stokers are used throughout. These 
have 15 retorts, 25 tuyeres and have a total active com- 
bustion surface of 362 sq. ft. Each stoker is driven by 
a 15-hp., 250-v. direct-current motor with a speed range 
of 5 to 1. 

On each boiler, in addition to the usual graphic 
record of steam fiow, air flow and flue gas temperature, 
as finally discharged from the boiler (in this case at the 
outlet of the preheater) graphic record is made of the 
flue gas temperatures leaving the boiler, leaving the 
economizer and of the air temperatures entering and 
leaving the preheater. 

Centralized control is provided only for the forced 
draft dampers. Each row of six boilers is under com- 
mon control with the control board at the head of the 
firing aisle. Since the induced draft damper position 
of each boiler is automatically controlled to maintain 
balanced draft, the central control of forced draft 
damper ,position indirectly controls the induced draft 
dampers also. Two 6-point indicators of forced draft 
damper position and windbox pressure are installed on 
the central control boards. 

Stoker speeds and the speed of the forced and in- 
duced draft fans are isi only individually from 


each boiler control board. At the center of the firing 
aisle are placed back to back two Master pressure gages 
and two load indicators with two-foot dials. 

Of the twelve boilers in operation, two units, one in 
each row is arranged as a test boiler. This boiler is fitted 
with Richardson coal scales and permanent connections 
for all instruments required to conduct accurate boiler 
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tests. This boiler, of course, is exactly the same as the 
other boilers in the station and the performance data 
obtained by means of the instruments attached to the 
test boiler is merely applied to the other units when 
accurate data on the operation of the station as a whole 
is desired. 

Among the space problems encountered in this instal- 
lation of test boilers was that of suitable metering 
arrangements for the steam generated in the Bailey 
water-cooled walls. 

A special V-notch meter with four V’s carefully 
tested throughout its entire range from 10,000 to 1,000,- 
000 Ib. per hour, has been installed for calibrating all 
liquid flow meters throughout the station. 

There is one stack to each three boilers, making a 
total of four stacks for the present installation. The 
steel breechings are each 46 sq. ft. in cross section. The 
stacks are 81 ft. high, having a steel shell 16 ft. 5 in. in 
diameter with a 12-in. brick lining. 


ARRANGEMENT OF HEATERS FOR FEED-WATER HEATING 


The arrangement for heating the feed water at Rich- 
mond Station is based on the regenerative cycle and 
each of the 50,000-kw. turbine units is provided with 
three bleeder heating stages designed to deliver 600,000 
lb. of water per hr. to the boilers at 305 deg. F. The 
heaters are arranged according to the unit scheme, each 
main unit having a complete set of heaters. 

By referring to the accompanying heat balance dia- 
gram, Fig. 6, it will be seen that the water from the 
condenser hotwell pump passes, first, through the ejector 
condenser to a first level closed heater (2560 sq. ft.) re- 
ceiving steam bled at 5.6 lb. absolute. The second stage 
of bleeder heating which also includes deaeration of the 
water is accomplished by a closed heater and a deaerat- 
ing heater, both receiving bled steam at 28.3 lb. abso- 
lute. The first and second-stage heaters receive steam 
from the 18th and 15th stages of the main turbine re- 
spectively. From the deaerator water at 237 deg. F. is 
withdrawn by the boiler feed pumps and is forced 
through the condenser of the makeup evaporator. The 
evaporator can take steam either from the high pressure 
bleed point at 129.6 lb. absolute or from the next lower 
bleeder point at 79.3 lb. according to the amount of 
makeup required. From the evaporator condenser the 
water passes to the third or final closed heater (2000 sq. 
ft.) which, with the condenser, must withstand the full 
feed line pressure of 550 Ib. per sq. in. This final heater 
is supplied from the 12th stage of the turbine. 

In ordering the third-stage heater the requirement 
was made that it should be subjected to a hydrostatic 
test pressure of 200 lb. for the steam space and 1100 Ib. 
for the water space, both of which requirements have 
been met satisfactorily. 

The feed water is delivered to the boilers by means 
of six pumps, four motor-driven and two steam-driven. 
Each of the motor-driven pump sets consists of a Cam- 
eron 6-stage, single-suction, 1250-g.p.m. pump coupled 
to a Westinghouse, 550-hp., 2200-v., 1750-r.p.m. wound- 
rotor induction motor. Automatic speed control of these 
sets is obtained by a Ruggles-Klingemann pressure regu- 
lator giving 18-operating points over a speed range of 10 
per cent. The steam-driven sets, which are to be used 
for emergency service only and are arranged to start 
automatically in case of failure of a motor-driven set, 
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consist’ of Cameron 6-stage, single-suction, 1600-g.p.m. 
pumps coupled to 700-hp. non-condensing Terry tur- 
bines. 

-Distilled water for plant make-up is supplied by 2 
two-effect evaporator units. These units are normally 
fed from the twelfth stage of the main turbine and de- 
liver 12,000 lb. of water, each, under this condition. 
Provision is made for emergency supply from the 10th 
stage of the turbine. Operated thus, the output is in- 
creased to 19,100 lb. per hour. The steam required for 
building heating is drawn from the 10th stage of the 
main turbines. 


Main Turso-GENERATOR UNITS 


Each of the three turbine halls is designed to accom- 
modate four 50,000-kw. turbo-generators. In the pres- 
ent installation two of these units are in operation and 
the remaining two will be installed in the near future. 
The units are rated at 62,500 kv.a., 1800 r.p.m., 13,800 
to 14,400 v., 3 phase, 60 cycle, 80 per cent power factor, 
11.8 per cent reactance. 

Excitation is normally supplied by a direct-con- 
nected exciter (250 kw., 250 v.) on the end of the main 
shaft. Each unit is 66 ft. long, including the exciter, 
25 ft. wide and 16 ft. high. Its weight complete is 550 
tons and the heaviest single part, the generator arma- 
ture, weighs 97 tons. The units were made by the Gen- 
eral Electric Company and are of the tandem compound 
type with 20 stages designed for a throttle pressure of 
375 lb. per sq. in. gage and 675 deg. F. with extraction 
points at the 10th, 12th, 15th and 18th stages. 

Generator cooling is effected by means of a closed 
system of ventilation employing two external blowers to 
a unit, each driven by a 150-hp. motor. The blowers 
deliver 55,000 ecu. ft. of air per min. Each cooler has a 
surface of 19,700 sq. ft. and takes 1620 g.p.m. of water 
from the circulating water system. 

Each of the 70,000-sq. ft. condensers serving the 
main units is provided with two centrifugal circulating 
pumps of 78,000 g.p.m. capacity driven by 500-hp. mo- 
tors, two centrifugal condensate pumps of 1200 g.p.m. 
capacity driven by 100-hp. motors, one hydraulic air 
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FIG. 7, BAILEY WATER-COOLED SIDE AND BRIDGE WALLS, | FIG. 8. SAME VIEW AS FIG. 7 BUT WITH INTERIOR BRICK- 
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pump driven by a 50-hp. motor and one two-stage Rado- 
jet ejector. 


CIRCULATING WATER SYSTEM 

Cooling water for the main condensers is taken from 
the Delaware River through a screening basin with eight 
revolving screens directly in front of the station and 
discharged from one unit at the end of the coal pier 
and from the other at the up-river end of the property, 
as shown in the drawing of the circulation water system 
in Fig. 5. 


AUXILIARIES 


Normally, all of the auxiliaries in the station will be 
electrically driven. However, for reserve use, only the 
following steam-driven auxiliaries have been provided: 
1 steam jet air ejector per main generating unit; 1 boiler 
feed pump per main generating unit arranged for auto- 
matic starting in event of failure of an electrically 
driven pump; 1 condensate storage tank pump; 1 river 
water pump and 1 fire pump. 

ELECTRICAL FEATURES 

Current generated at 13,200 v. is led from the main 
generators through conductors run under the floor of 
the turbine hall with concrete barriers between the 
phases to reactors (5 per cent at 62,500 kv.a., 4,000,000 
¢e.m.), thence to the main oil circuit breaker and through 
selector breakers to the duplicate 13,200-v. busses. The 
generator neutral is arranged for connection either to 
the station through busses or through an oil circuit 
breaker to a 4-ohm grounding resistor. 

The switchhouse is designed with the vertical phase 
system of isolation, the A phase being located on the 
third floor, the B phase on the second, and the C phase 
on the first floor, with the selector mechanisms for the 
oil circuit breakers and the operating lever for the dis- 
connecting switches on the ground floor. The 13,200-v. 
busses are separated for the entire height and length of 
the building by a central wall between the up-river and 
down-river half of the switchhouse. On each floor is a 
eross corridor. Ultimately each 13,200-v. bus will form 
a closed ring sectionalized by reactors (10 per cent at 
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62,500 kv.a.) and oil circuit breakers so that each section 
is supplied by two generators. For the present instal- 
lation of only two generators, however, the ring and 
sectionalizing connections are not included. 


LINE EQUIPMENT 


Equipment for the following lines is now installed 
in the switch house: 
16—6000-kv.a. lines to company substations and in- 
dustrial consumers. 

2—60,000-kv.a. lines to the 66-kv. outdoor sub- 
station. 

3—12,000-kv.a. tie lines to Delaware Station. 

3— 3750-kv.a. station power lines. 

The ‘‘H’’ arrangement of lines has been adopted, by 
which each line has its own main oil circuit breaker, 
while each pair of lines is connected through a selector 
breaker to the desired 13,200-v. bus. Reactors of 400,000 
em. (3 per cent at 6800 kv.a.) are installed on all the 
outgoing 6000-kv.a. lines; while the three-station power 
lines are provided with reactors of 247,000 ¢.m. (3.3 per 
cent at 3750 kv.a.). 
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terrupting rating of 1,400,000 kv.a. at 13,600 v. have 
been installed, while for the 12,000-kv.a., 6000-kv.a, and 
3750-kv.a. feeders 1200-amp. and 600-amp. General Elec- 
tric FHK-130-20-B breakers, with an interrupting rat- 
ing of 780,000 kv.a. have been provided. The generator 
neutral breakers are the Condit type D-17-B, rated at 
1500 amp., 15,000 v., arranged for cell mounting. 

With the exception of the main breakers on the gen- 
erators each isolated phase breaker has a 3 or a 6-pole, 
gang operated disconnecting switch, controlled by a 
hand lever located at the circuit breaker operating 
mechanism on the ground floor. The disconnecting 
switch control lever is interlocked with the oil breaker 
mechanism so that the disconnects cannot be opened or 
closed unless the oil breaker is open. 


EQUIPMENT 1N THE CONNECTING BUILDING 


Previous reference has been made to the connecting 
building between the turbine hall and the switchhouse. 
The operating room occupies the third floor of this con- 
necting building. All 13,200-v. apparatus is controlled 
from a semi-circular benchboard. 
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FIG. 9. SINGLE LINE WIRING DIAGRAM 


Each of the three 12,000-kv.a. Delaware Station tie 
lines consists of two standard 6000-kv.a. cables in paral- 
lel, with 3 per cent reactors in each cable. A 630-kv.a., 
5-per cent induction regulator, with one-half of its sec- 
ondary winding in series with one of the two cables, is 
installed’ in each tie line. 

All feeders, as well as the generator neutrals, are 
arranged for connection to the station test busses, which 
may be supplied at any voltage up to 30,000 by a 1200- 
kv.a. (1-hr.) transformer and a 695-kv.a. (1-hr.) 100- 
per cent boost and lower regulator, both manufactured 
by the General Electric Company. 


Circuit BREAKERS AND DISCONNECTING SWITCHES 

The 13,200-v. oil circuit breakers, as well as all other 
electrical equipment, are insulated for 25,000 v. For 
the generators and 66-kv. substation feeders 3000-amp. 
General Electric, FHK-13-28-B breakers, having an in- 


In the pipe room on the second floor of the connect- 
ing building, terminate all conduits carrying secondary 
and control wires for equipment-controlled from the 
operating room. Here also are located current trans- 
former cutouts, potential fuses, small auxiliary relays, 
ete. 

The first floor of the connecting building is utilized 
for direct-current excitation and control equipment, in- 
cluding motor-generator sets, storage batteries and main 
d.c. switchboard. 

In the transformer court are located all of the trans- 
formers for the station auxiliary power system, and also 
the induction regulators for the Delaware Station tie 
line. The present installation of auxiliary power trans- 
formers includes three 3750-kv.a. banks and two 2500- 
kv.a. banks. 

A 2000-kv.a., 2300-v., 3600-r.p.m., 3-phase, 60-cycle, 
60-per cent power factor auxiliary power generator © 
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manufactured by the Westinghouse Company is in- 
stalled in Turbine Hall as a reserve source for the sta- 
tion auxiliary power system. This generator, driven by 
a non-condensing turbine, can be automatically brought 
up to speed ready for load in 15 sec. In general, all 
alternating-current motors of approximately 50 hp. and 
above, are supplied at 2200 v., 3-phase while those below 
are operated from the 220-v., 2-phase system. However, 
for special services such as those required for cranes or 
in the screen house, motors as large as 80 hp. are sup- 
plied at 220 v. 

Practically all 2200-v. motors are started at full vol- 
tage, while compensator starting is used for the larger 
220-v. motors. 

The station auxiliary power system consists of five 
main parts as follows: 

(1) A 2300-v., 3-phase, 60-cycle supply for boiler 
fan motors, and the large non-essential auxiliaries, ob- 
tained from the three 3750-kv.a. station power trans- 
former banks. These banks feed duplicate sectionalized 
2300-v. busses on the third floor level between the boiler 
house and the turbine hall. 





FIG. 10. OUTDOOR SUBSTATION. 60,000-KV.A. TRANSFORMER 
BANK AND KENOTRON TEST SET HOUSE 


(2) A 2300-v., 3-phase, 60-cycle supply for essential 
auxiliaries such as turbine auxiliaries, boiler feed pumps 
and generator ventilating fans. 

This power is supplied according to the unit scheme. 
A 2500-kv.a. transformer bank is connected directly to 
the leads of each generator before they pass into the 
switch house, and supplies a stub bus on the mezzanine 
gallery under the turbine hall floor. All of the essential 
auxiliaries associated with the generating unit (circulat- 
ing, air, condensate and boiler feed pumps and genera- 
tor ventilating fans) are connected to this bus. Ties are 
provided from each of these unit auxiliary busses to the 
general station 2300-v. system and also to another 2300-v. 
bus to which the auxiliary generator may be connected. 
These ties are to furnish two additional sources of power 
for use during starting of the main unit or in emer- 
ceney operation. Interlocks and relays are provided 
among these sources so that no two of the sources can 
normally be paralleled, and also so that in case of fail- 


ure of voltage on a stub bus in operation it is automat. 
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ically disconnected from the dead source and connected 
to the general 2300-v. system. 

(3) A 230-115-v., 2-phase, 60-cycle supply for small 
auxiliaries and lighting. 

Two 1000-kv.a. Scott-connected transformer banks 
supplied from the general 2300-v. system are provided 
for this load. 

(4) A 250-v. direct-current supply for stoker mo- 
tors, emergency excitation and emergency throwover 
lighting fed by three 200-kw. motor-generator sets and 
a storage battery of 156 cells. 

(5) A 250-v., 2-wire, direct-current control supply 
fed by two 20-kw. motor-generator sets and two 120-cell 
storage batteries. This system is normally entirely sep- 


FIG. 11. BAILEY WATER-COOLED BRIDGE WALL. REAR VIEW 


arate from system No. 4, although an emergency tie is 
provided. 

It is planned that six of the ultimate 12 generators 
are to be connected to the 13,200-v. busses as the present 
two are, while the other six are to be connected to the 
66,000-v. busses of an outdoor substation through indi- 
vidual transformer banks. 


CoNCLUSION 
In concluding this description of Richmond Station 
we wish to express our appreciation to the officials of 
the Philadelphia Electric Company, for their excellent 
co-operation and assistance in the matter of, providing 
information and data used, in this article. 


IF a STORAGE battery is to be idle for a period of 6 mo. 
or more, it is usually best to withdraw the electrolyte, as 
follows: after giving a complete charge, siphon or pump 
the electrolyte into convenient receptacles, preferably car- 
boys that have previously been cleaned and have never 
been used for any other kind of acid. As each cell is emp- 
tied, immediately refill it with water. When all of the 
cells are filled, begin discharging and continue until the 
voltage falls to or below one volt per cell at normal load 
and then draw off the water. 

To put an idle battery into commission, first make 
sure that the connections are right for charging; then re- 
move the water, put in the electrolyte, and begin charging 
at once at the normal rate. From 25 to 30 hr. of con- 
tinuous charging will be required to give a complete charge. 
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Modern Hydraulic Turbines Show High Efficiency 


Review oF Units Inpicates High Erriciency Unper Many 


CONDITIONS OF SERVICE AND DESIGN, 


N THE development of power from whatsoever source, 

a fundamental consideration is the efficiency of the 
machinery used. At first thought it might appear that 
such a statement should not apply to water power 
development, as water power is inexhaustible, but it 
must be remembered that the yearly flow available for 
any development is limited. Neglecting load condi- 
tions, the power which can be developed with this flow, 











A CROSS SECTIONAL VIEW OF ONE OF THE 37,500 
HP. NIAGARA UNITS 


Fig. 1. 


and hence the earning power of a hydraulic plant, is 
directly ‘proportional to the efficiencies of the turbines. 

These conditions have been thoroughly appreciated 
for some years past with the result that large sums of 
money have been spent by the turbine manufacturers 
in the building of laboratories and the construction 
and testing of model turbines, and by the power com- 
panies in complete tests made on the large units after 
installation. Tests on models, though of considerable 
value to the designer, can not, in themselves, be relied 
upon in predicting the performance of the large units 
in place. There are instances of failure of turbines 


*Chief Engineer, I. Morris Dept., Wm. Cramp & Sons 
Ship & Engine Building Co. Philadelphia, Pa. 


By Frank H. Roaers* 


in plants, the success of which seemed assured when 
predicated on the performance of the models. 

Many factors enter into this complicated problem 
but it may be of interest here to mention a few points 
which undoubtedly affect the comparative performances 
of the models and the large units: 

(1) The model units are usually tested in an open 
flume setting, whereas the large units are provided with 
a closed casing, usually of the volute type. 

(2) Frequently, the model units are tested with a 
straight tapering draft tube and the large units are in- 
stalled with a curved tube, a spreading tube, or some 
other form. 

(8) The head available in the laboratory is low, 
usually being from 8 to 15 ft., while the head on the 
large unit may have any value from 8 to 800 ‘ft. 

It is believed that this third factor is of particular 
importance in its effect on flow conditions within the 
draft tube. In the laboratory the static draft head, 
as well as the velocity head at the runner discharge, is 
low, so that the total draft head at the top of the tube 
is very conservative, its value being say 8 to 10 ft. In 
the large installation, the static draft head is usually 
much greater and the velocity head, increasing directly 
with the total head on the plant, may easily reach such 
a value that the total draft head at the top of the tube 
will be equal to 26 or 28 ft. 

Water usually discharges from the runner as a whirl- 
ing mass, the velocity varying across the tube, and 
there is a tendency for eddies to form, especially at the 
center of the tube. For the above reasons, the total 
draft head across the tube is not uniform and regions 
of low pressure occur where the vacuum is higher than 
the average. It is, therefore, evident that, in large in- 
stallations where the average total draft head is high, 
the local vacuum at certain points may closely approach 
or even tend to exceed the barometric column. Such 
conditions are likely to produce eddies and whirls which 
do not conform to the general stream line flow and this 
discontinuity of flow often results in the impairment of 
power and efficiency, corrosion of runner, vibration and 
unstable operating conditions. In the small model units. 
however, where the total draft head is necessarily low, 
there is little danger of exceeding the barometric col- 
umn at any point and there is less likelihood of eddies 
and whirls forming. 

For the above reasons, the conditions of flow at the 
top of the draft tube may be quite different in the 
large installation under the high head as compared to 
the small model turbine under the low head. These 
points must be given particular consideration when at- 
tempting to predict the performance of the large units 
from the results obtained on the model units. 

The real problem confronting the turbine designer 
is the selection of the proper form of draft tube, which 
will receive the water discharged from the runner in 
such a way as to prevent the formation of eddies and 
whirls under the high-vacuum conditions existing. Ex- 
perience has shown that the symmetrical annular form 
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of tube meets these requirements as it preserves the 
continuity of flow existing in the runner throughout the 
draft tube. 

The efficiency of an actual turbine installation can 
be correctly evaluated only by the actual performance 
of the unit in place. In recent years a great many tests 
have been conducted by engineers of the power com- 
panies and some of these results have been published. 
Such information is not only of great value to the power 
company making the tests and the manufacturer who 
furnished the turbines but also to all engineers in this 
field of engineering. It would be highly desirable and 
beneficial, if all the results, which had been obtained 
on the large units in place, were published, as such 
actual results are of far more value to the engineers 
of the power company contemplating a new installation 
than the guarantees or results of model tests which are 
presented by the turbine manufacturer with his bid. 
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FIG. 2. HYDRAULIC TURBINE DEVELOPMENT AS SHOWN BY EFFICIENCY CURVES 


In this article the author presents the results of a 
number of tests, made in each case by the power com- 
pany engineers, on some noteworthy installations in the 
United States and Canada and points out the special 
features of design which contributed largely to the ac- 
tual results obtained. 

The quantity of water flowing was, in most of the 
tests to be described, determined by either the ‘‘Gibson”’ 
method or by the ‘‘Salt Velocity’? method. Both of 
these methods have been thoroughly tried out and found 
to give a high degree of accuracy and the results are 
generally accepted by both the power companies and 
the turbine manufacturers. It might be of interest, 
however, to mention briefly the principles involved. 

The Gibson method* makes use of Newton’s second 





*This method is fully described in a paper “The Gibson 
Method and Apparatus for Measuring the Flow of Water in 
Closed Conduits,” aS ae Norman R. Gibson at the An- 
mul Meeting of the A. 


in New York City, December, 
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law of motion, which may be stated that ‘‘the impulse 
or the product of force by time is equal to the change 
of momentum or the product of the mass by the velocity 
change”’ 

FP B8 ee BS ce creeks os ba neecaes (1) 

To apply this principle to the determination of the 
quantity of water flowing in a pipe of uniform cross- 
section, consider that the guide vanes of the turbine at 
the lower end are closed gradually in a given time, so 
that the velocity of the water in the pipe is gradually 
diminished and is finally stopped when the guide vanes 
are fully closed. During closure, the pressure in the 
pipe rises and this pressure rise is the manifestation 
of the force exerted to stop the flow of the mass of water 
in the pipe. From the fundamental equation (1), if 
the mass of water in the pipe is known and the time 
taken to stop its flow and the average force exerted in 
doing so are measured, the velocity of the water, prior 
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to the interruption of its flow, may be readily deter- 
mined. 

The second or Salt Velocity* method for measuring 
the flow of water has been developed by Prof. C. M. 
Allen of Worcester, Mass. The theory is simple and 
is expressed very clearly by Prof. Allen as follows: 

‘The Salt Velocity method of water measurement 
is based on the fact that salt in solution increases the 
electrical conductivity of water. Salt solution is intro- 
duced near the upper end of the conduit and the passage 
of the solution across one or more pairs of electrodes 
at other points in the conduit is recorded graphically 
by electrical recording instruments. The passage of the 
salt solution between two points is accurately timed and 
the volume of the penstock between the same points is 





*A complete description of this method and results of tests 
made are given in a paper “The Salt Yaore Method of Water 
Measurement,” presented by Charles M. om and Edwin A. 
Taylor at the Annual Meeting of the A. S. M. E. in New York 
City, December, 1923. 
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accurately determined. The discharge in cubic feet per 
second equals the volume in cubic feet divided by the 
time in seconds.’’ 
37,500 Hp. Niagara Units SHow Fuat EFFICIENCY 
CURVES 

Two 37,500-hp. vertical shaft turbines were built by 
the Cramp Co. in 1919 for the Niagara Falls Power 
Co. Each of these units is rated under 213.5 ft. head 
at a speed of 150 r. p.m. Figure 1 shows a sectional 
elevation through one of these units. These two units 
were tested by the power company, using the Gibson 
method for determining the flow. Figure 2 A shows the 
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FIG. 3. CROSS SECTIONAL DRAWING OF 70,000-HP. UNIT 
WITH DRAFT TUBE CONE EXTENDING TO 
‘ TURBINE RUNNER 


performance of these units. The maximum efficiency 
secured was 93 per cent and the units developed 90 per 
cent or over from 20,000 to 39,000 hp. These excellent 
results and particularly the high average efficiency 
throughout the entire range of power were the result 
of careful design and construction of all parts of the 
units. 

. For example, a series of special model runners were 
developed and tested at Holyoke, from which the final 
runner design was selected. The casing, speed ring 
vanes and guide vanes were designed to conform to the 
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stream line flow of the water. Labyrinth runner seals 
were provided to reduce the leakage to a minimum and 
the Moody spreading draft tube was used to regain 
not only the axial velocity at the runner discharge but 
also the velocity of whirl. 

For high head units such as these, at loads close to 
maximum efficiency, the water leaves the runner in an 
axial direction but, at part loads, a whirling component 
is developed. The extremely flat shape of the efficiency 
curve shows the adaptability of the Moody tubes to 
regain efficiently the velocity of whirl. 


Five 55,000-np. Units INSTALLED IN QUEENSTON STATION 

Each of the first five turbines installed in the Queens- 
ton station of the Hydro Electric Power Commission of 
Ontario had a rating of 55,000 hp. Three of these units 
were designed and built by the Cramp Co. rated at the 
above power under a head of 305 ft. at a speed of 187.5 
r. p. m. Thesé turbines are similar in general design 
to the 37,500-hp. Niagara units. 

The efficiency test made on unit No. 5 was condnéted 
by the Power Commission in the presence of both Ameri- 
ean and Canadian members of the Joint Control Com- 
mission for water diversion at Niagara Falls and results 
are shown in Fig. 2B. The Gibson method was used to 
determine the flow. It will be noted that these units 
developed a maximum efficiency of 93.3 per cent and 
also extremely high efficiencies over a wide range of 
power. 


QUEENSTON STATION COMPLETED WITH Four 58,000-Hp. 
UNITs 


Shortly after the installation of the first five units 
at Queenston, the demand for power in the Province of 
Ontario influenced the Commission to complete the sta- 
tion so that since that time four additional units, each 
rated at 58,000 hp., 294 ft. head, 187.5 r. p. m., were 
installed. These units were built by the Dominion En- 
gineering Works, Ltd., of Montreal. This single plant, 
therefore, has an installed rated capacity of approxi- 
mately one-half million horsepower. 

Design is similar to the 55,000-hp. units but some 
improvements were made in the runner and casing. The 
most important change, however, was in the draft tube 
design. This tube is also of the Moody spreading type 
but is designed so that the annular form of water pas- 
sage is maintained from the runner discharge to the 
bottom of the tube. To meet this requirement a high 
central concrete cone is provided, extending all the way 
up to the hub of the runner. The combination of the 
cone and outside spreading bell results in the proper 


‘sequence of areas in annular form, to regain the energy 


in the water discharged from the runner. 

Entire absence of vibration, excellent regulating 
qualities and high efficiencies obtained on this unit are 
ample proofs of the excellence of this design of draft 
tube. The results of the efficiency test made on unit 
No. 7, given in Fig 2D, show a marked increase in the 
maximum efficiency and an extension to greater limits 
of the range of high efficiencies. It is believed that the 
maximum efficiency of 93.8 per cent obtained estab- 
lishes a new world’s record. 

The latest and largest addition to the plants of the 
Niagara Falls Power Co. was started in 1923 and con- 
sisted of three 70,000-hp. units, two of which were built 
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by the Cramp Co. In less than five yr., therefore, the 
record capacity of 37,500 hp. had been almost doubled. 
Each unit is rated at 70,000 hp. under 213.5 ft. head 
at 107 r. p. m. Many interesting and difficult prob- 
lems had to be solved in the construction of these large 
units. Among the special features incorporated in the 
design are the Moody draft tube of continuous annular 
form, Taylor sectionalized casing, off-set operating gear, 
disc guide vanes, labyrinth runner seals and adjustable 
lignum vitae bearings. Figure 3 shows a sectional eleva- 
tion through one of these units. 

Official tests on these units were made by the Power 
Co., using the Gibson method for determining the flow, 
and these tests were witnessed and approved by the 
representatives of both the United States and Canadian 
Governments. Figure 3C shows the efficiency test on unit 
No. 19. The maximum efficiency of 93.8 per cent equals 
the record obtained on the Queenston unit No. 7 but 
the part load efficiencies were slightly better, being 90 
per cent or over from 38,000 to 82,000 hp. It may 
safely be stated that this unit has established an un- 
equalled record in hydraulic performance. 

The three different installations so far described con- 
tain units of similar design but of different dimensions 
and operate under different heads. The similarity of 
the efficiency curves obtained in three independent tests 
is certainly a remarkable confirmation of their actual 
performance. . 


Oak Grove Unit Operates Unper High Heap 

An interesting installation involving an extremely 
high head, is the vertical shaft turbine built by the 
Pelton Water Wheel Co. for the Oak Grove plant of the 
Portland Electric Power Co. This unit is rated at 
35,000 hp. under a head of 849 ft. at a speed of 514 
r. p. m. It is believed that this is the. highest head 
reaction turbine that has ever been constructed. Figure 
4 shows an outside elevation of this unit. 

Special features were incorporated in the design, the 
most interesting of which are probably the rubber seal 
rings, which were provided at the runner intake to re- 
duce leakage, and the Moody spreading draft tube. The 
performance of this unit to date has been excellent both 
as regards mechanical operation and efficiencies devel- 
oped. 

The test of this unit was made by the Power Co., 
measuring the flow of water by Pitot tubes. The 
old method of making traverses was not used but a 
new method known as the ‘‘ Multiple Pitot Tube’’ meth- 
od was adopted. In this method a large number of fixed 
Pitot tubes and piezometer nozzles is used instead of one 
or two movable tubes. All of these tubes and piezome- 
ters connect to a multi-glass tube manometer. This 
manometer therefore indicates the velocity heads at the 
centers of each of the predetermined cross-sectional 
areas in thé pipe line. Instantaneous readings of all the 
velocity heads are obtained by photographing the gage 
board. 

Results of the official test are shown in Fig. 2E, from 
which it will be noted that a maximum efficiency was 
obtained of 91 per cent, which is extremely good con- 
sidering the high head under which this turbine oper- 
ates and the relatively small dimensions of the water 


passages. 
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Another western installation recently put in opera- 
tion and tested is the 33,000-hp. turbine built by the 
Pelton Water Wheel Co. for the Pacific Gas & Electric 
Co.’s Pit River Power House No. 3. The nominal rating 
of this unit is 29,000 hp. under a head of 280 ft, at a 
speed of 225 r. p.m. The unit is provided with rubber 
seal rings at the runner, dise guide vanes and Moody 
tube. 

Acceptance test was made for the power company 
by Prof. C. M. Allen, determining the flow by the Salt 
Velocity method. The results, shown in Fig. 2F, are 
remarkable for a unit of this size in respect to both 
maximum efficiency and shape of curve, and establishes 
a Western record, which has been beaten in the East 
only by larger size units. 


20,000-up. Hottwoop Units DersigNep ror LIMITED 
SPACE 

The Holtwood plant of the Pennsylvania Water & 

Power Co., started in 1907, was designed to contain ten 












































FIG. 4. ILLUSTRATING CONTROL AND INSTALLATION DETAILS 
OF THE OAK GROVE HIGH HEAD UNIT 


units, each of the vertical shaft two-runner type. The 
foundations for all ten of these units were constructed 
in the initial development but, when the two final units 
were installed in 1923 and 1924, it was decided to aban- 
don the early designs and to put in a single-runner unit 
in order to obtain greater power and higher efficiency. 
As the foundations were already in place, the space 
available was limited and, as it was desired to increase 
the capacity of the last two units by about 25 per cent 
over the former units, it was necessary to change mate- 
rially the design of both the volute casing and the draft 
tube. The draft tube adopted was of the Moody spread- 
ing type with high cone and spiral collector passages. 
Each of the two new units was rated at 20,000 hp. under 
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a head of 62 ft. at a speed of 94.7 r. p.m. The runners 
installed were of the high speed Francis type and were 
designed to operate under a variable head ranging from 
62 ft. to 47 ft., the average head being about 54 ft. 

Figure 2G records the official test made by Prof. 
Allen, using the Salt Velocity method for quantity deter- 
mination. It will be noted that a maximum efficiency 
of 92.8 per cent was obtained, which, in view of the 
imposed restriction of space, becomes noteworthy. In 
comparing the shape of this efficiency curve with that of 
those shown formerly, it will be noted that the use of 
the higher specific speed runners results in a steeper 
efficiency curve. 


Five HicgH-spEeD Units INSTALLED IN INDUSTRIAL PLANT 
In 1923 

Five units were built in 1923 by the Cramp Co. for 

the Great Northern Paper Co., Anson, Maine. Each of 


FIG. 5. A MODERN PROPELLER TYPE RUNNER BEING 
INSPECTED BEFORE SHIPMENT TO THE ANSON PLANT 


these units was rated at 1500 hp. under 20 ft. head, at 
a speed of 150 r. p. m. They are provided with high- 
speed propeller type runners, one of the runners being 
shown in Fig. 5, with which it was possible to secure a 
speed nearly double that of the Francis type runner. 
These units are also provided with concrete volute cas- 
ings and Moody draft tubes with high cones, formed in 
concrete in the substructure of the powerhouse. 

One of these units was tested by Prof. Allen, using 
the Salt Velocity method and showed a maximum effici- 
ency of 90.9 per cent, a record at that time for high- 
speed runners. The official test record is shown in Fig. 
2H, which indicates quite clearly the characteristic 
shape of the power efficiency curve for high-speed 
runners. 

Another high-speed installation of interest is the 
2500-hp. unit built by the Dominion Engineering Works, 
Ltd., of Montreal, for the Spruce Falls Co. at Kapus- 
kasing, Ontario. This unit is rated under 30 ft. head, 
at 180 r. p. m., and is provided with Moody draft tube 
with high cone. An exceptional runner was developed 
for this unit as shown by official test, Fig. 21, which 
was made by Prof. Allen using the Salt Velocity method. 
It is believed that the maximum efficiency of 92 per 
eent obtained, establishes a new record for propeller- 
type units. 


May 15, 1926 


Economy From Use of Stand- 


ard Bevel Gears 


WO OF THE MOST important items in the cost of 

small quantities of bevel gears are pattern charge and 
drafting-room expense or the cost of entering the shop 
order with the necessary information to execute the order 
properly. Each pair of gears requires a sketch or draw- 
ing showing outside diameters, face angles, edge angles, 
back angles, cutting angles, hub length and backing of 
each gear and pinion. Patterns also must usually be made 
unless standard listed gears are used. 

Even if a manufacturer has several thousand well-as- 
sorted bevel gear blank patterns, it would be safe to say 
that in not more than one instance out of ten could exist- 
ing equipment be used without alteration. 

This may be better understood when we analyze the 
pattern situation more closely. Bevel gears mesh correctly 
in pairs only. Consider for example a 16-tooth pinion 
mating with a 48-tooth gear with ratio of 3 to 1. If-the 
number of teeth in the pinion be increased or decreased, it 
will change the angles of the mating gear. 

As a matter of actual practice, if a pattern be made for 
the above pair of gears, it would probably be usable for 
the same number of teeth (48) of the same pitch and face 
to mesh with a pinion having one or possibly two teeth 
more or less than 16; however, a careful check of the pat- 
tern would have to be made to determine this. From this 


it will be noted that to carry the necessary patterns for all 
combinations of bevel gears would be impossible. 


By selecting listed bevel gears, practically all of this 
expense is eliminated. Patterns are made and are used 
frequently. Complete drawings are kept on file. The 
saving of time as well as expense in executing an order is 
still further increased. 

In most installations, bevel gears form only part of the 
reduction in speed. In fact, it might even be said that 
they are usually the second or third reduction, the first 
frequently being made by means of pulleys or spur gears, 
both of which can be readily manufactured in any reason- 
able ratio. 

It is usually much more economical to use rather small 
ratios of bevel gears, making most of the reduction where 
possible by spur gears. Bevel gears are much more ex- 
pensive than spur gears, even if standard listed sizes are 
used. A bevel gear is not only more expensive than a spur 
gear when the pitch diameter, face and pitch are equal, 
but also the bevel gear will transmit only about three- 
quarters of the horsepower of a corresponding size spur 
gear. This increases the cost per horsepower still more, 
making the cost of bevel gears approximately twice the cost 
of spur gears figured on a cost per horsepower basis. 


Macuinery foundations should be substantial and 
solid. The depth and cubical contents will vary with 
local conditions of soil and with type of machine to be 
installed. As a rule manufacturers do not furnish de- 
tailed information for construction although they may, 
in some cases, make recommendations. On account of 
vibrations, concrete floors and walls for the engine room 
should not be tied rigidly to the foundation but should 
be separated by such a distance that the maximum ex- 
pansion will not bring the two into actual contact. 
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Low Temperature Carbonization in Practice 


OPERATING AND DESCRIPTIVE DATA ON 


Process Wuicu Has Been OPERATING FOR Two YEARS. 


HEN THE EDITOR of Power Plant Engineering 

suggested the preparation of an article on low 
temperature carbonization, he said: ‘‘We have seen 
considerable published material on the subject dealing 
with the theoretical side, but, in this country at least, 
little has been said of what has actually been accom- 
plished.’’ It is true that much of the published material 
on low temperature carbonization has dealt with theories 
and reviews but little has been written by those who are 
actually engaged in the development of the art. The 


A Low TEMPERATURE CARBONIZATION 
By C. V. McINtTIRE* 


has established a capacity for treating 50 t. of coal per 
day, and, while there have been periods as long as 30 
days when it was idle, its record for the entire period 
has been good and the 50 t. rate has been carried month 
after month without difficulty. Its operating character- 
istics have been observed, its mechanical features per- 
fected and its operating costs determined. 

The retort is classed as a machine and is intended 
to be shut down periodically for inspection, cleaning 
and repairs; it has been designed with that specific 
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purpose of this article is to describe a successful low 
temperature carbonization process and its satisfactory 
performance over nearly two years of operation and if 
it appears to assume some of the aspects of boasting the 
writer ean refer to Professor Parr’s 1924 report to 
the American Gas Association which says: ‘‘. . . The 
statements of the promotors even though well assured in 
their own minds of their ground, would of necessity 
take on more or less the aspect of boasting and it is 
far better to boast at the time of putting off the armor 
than when it is being buckled on.’’ 

The McIntire low temperature carbonization retort 
was put in operation at the plant of the Consolidation 
Coal Products Co., Fairmont, W. Va., August 1; 1924, 
and has operated almost continuously throughout the 
intervening 21-month period, and is, the writer believes, 
the first process of commercial proportions to attain such 
an enviable record. Its performance has been notably 
free from the usual mechanical difficulties which, in 
the past, have been the undoing of other processes and 
it remains today essentially in its original form. It 

*Engineer’ in charge of low temperature carbonization, 


Fairmont, W. Va., with Coverdale and Colpitts, Consultin 
Engineers, New York. 7 — — 


FIG. 1. DETAILS OF THE MCINTIRE LOW TEMPERATURE RETORT 





end in view. Rapid heating and cooling are possible. 
On several occasions it has been taken from service, 
cooled, opened, cleaned, reheated and put back into 
service within 24 hr. The rated schedule is 21 to 28 
days in operation with two to four-day shutdown periods, 
or a performance ratio of 80 to 90 per cent. In this 
respect it corresponds to the 80 per cent performance 
factor of a steam boiler. With a capacity of 50 t. 
of coal for each day of operation the average output is 
40 to 45 t. A plant to carbonize 1000 t. coal per day 
requires 25 retorts with 20 in operation and 5 stand-by 
units. The retort is of the externally heated muffle type 
with an agitation device for stirring the coal during 
distillation. A general arrangement drawing, Fig. 1, 
gives an elevation and two cross sections and shows the 
steel plate setting or cradle, mounted upon structural 
members, whith forms the retort proper. This is lined 
below the center line with fire brick, which serves as a 
support for the retort heating surface and within which 
are the channels for preheated air and waste products 
of combustion. A roof member J, composed of light 
steel plates covered with Sil-o-cel insulation, can be 
removed in one piece to give access to the interior; it 
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is handled by an overhead crane. Gas joints between 
roof and shell are maintained with clay lining. The 
agitator drive, its motor and gear reduction are indicated 
at A, the agitator shaft at B, coal feed mechanism C, 
heating surface D, discharge hopper F, and stationary 
or wiping paddles K mounted in the roof. Coal enters 
the retort through the coal feed mechanism C, falls upon 
the heating surface at D and under the action of the 
heat melts into a plastic mass which is carried up by 








PADDLE 
(OPP. SIDE) 





HEATING SURFACE 




















FIG, 2. TWO SETS OF PADDLES DISPLACED 90 DEG. ON A 
ROTATING SHAFT KEEP COAL AGITATED 


the stirring paddles G to a height slightly greater than 
the top of the shaft. This maximum height occurs about 
4 ft. from the end of the retort and from there the 
plastic mass forms into dry granular semi-coke which 
moves downward under the action of the paddles and 
gravity to the discharge hopper, the contour of material 
being about as indicated by dotted line H. The temper- 
ature within the coal or semi-coke in the retort is about 
800 deg. F. 
HEATING SURFACE 

The heating surface is composed entirely of metal 
and arranged in the form of a corrugated half cylinder, 
8 ft. outside diameter and 15 ft. long. The corrugations 
permit unrestrained expansion in all directions; they 
increase the effectiveness of the heating surface not only 
by increasing the surface itself but by applying the 
heat to the heart of the coal mass. There are 12 cross- 
wise corrugations, each 15 in. wide and each made of 
one or more separate castings. Each section may be 
separately removed for repairs or replacement and each 
forms a separate heating flue accessible at the ends for 
inspection and heat control. The lower flanges of the 
section, being supported in grooves in the fire brick 
backing, are made tight by fire clay joints which, in 
operation, are saturated by carbon from the gas and 
effectively sealed thereby. The arrangement is particu- 
larly tight and has shown no signs of leakage, in fact 
the records attained at Fairmont for high gas and tar 
yields indicate exceptionally tight retort walls. No bolts 
are employed to hold the sections together or in place, 
but, for this purpose, there is provided a spring tension 
-member at each end of the flue which prevents the 
section from moving. An ingenious connection between 
the tension member and the flue forms a gas tight joint 
where the flue joins the outer shell and also provides 
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the inspection opening which gives access to the flue 
interior. Gas burners at the flue ends supply heat for 
carbonization. 

Each corrugation groove has a paddle, as indicated 
in Fig. 2, with ample clearance between the latter and 
the heating surface to permit any degree of expansion. 
The paddle, moving through the groove with the shaft 
rotation, plows a V-shaped furrow and the material 
thus pushed along acts as an effective scouring agent 
for the surface, keeping it clean and preventing forma- 
tion of carbon or coke thereon. The elimination of 
carbon, by means of this combination of heating surface 
and agitation, has overcome one of the most troublesome 
features of previous designs of muffle retorts. By making 
the heating surface in relatively small sections, any 
warpage or bending is localized; replacement, if neces- 
sary, entails removal of only one flue or half of one 
flue, which work may be done by the operators without 
assistance from skilled mechanics. Castings of various 
metals such as cast iron, cast steel or heat resisting steel 
ean be inserted to suit the temperature requirements 
of the coal being processed. It has been demonstrated 
that either iron or steel castings give satisfactory service 
at the temperature employed. The heating surface is 
effectively supported at all points by the fire brick 
backing without the possibility of sagging at any point. 
To illustrate the importance of this feature a comparison 
of the performance and structure of the retort herein 
described with that of a revolving drum retort is given 
later in this paper 


AGITATING SYSTEM 


One contributing factor to the success of this retort, 
the importance of which can scarcely be overrated, is 
the simple, rugged device for agitating the coal. This 
consists of a single shaft, made of a large steel pipe 
with bearing trunnions at the ends, equipped with 13 
radial paddles in two rows at right angles to one another. 
Each paddle consists of a steel casting base member and 
two pieces of structural angle. The shaft is oscillated 
at the rate of 2 r.p.m., through an are of 270 deg. by a 
30-hp. motor and a speed reducer. Reversing is ac- 
complished automatically by limit switches and auto- 
matic panel, while, to prevent over travel in case of 
accident, there are provided additional switches and a 
solenoid brake. The actual power required is 18 kw. 
average or 9 kw. hr., per ton of coal processed. At the 
start of operation with this retort at Fairmont, some 
difficulty was encountered with the failure of a flexible 
coupling, which connects the speed reducer with the 
retort. This part had been weakened by over-stress 
during previous operation with another type of retort 
and after it was replaced no further trouble occurred. 
A continuous wattmeter record of the driving motor 
power has been kept at all times, and from this, the 
power and torque conditions have been determined 
accurately so there is no guess-work in the design of 
shaft and driving members. Neither the shaft nor the 
paddles have given trouble, nor has any one of the 
paddles been bent or broken. The photograph, Fig. 3, 
gives a general view of the retort at the close of the first 
year of operation. The cover is removed and shows all 
paddles to be in good condition—both the moving paddles 
and the stationary ones which are attached to the retort 
sides. In the design shown in Fig. 1, the stationary arms 
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are mounted in the retort roof so when the latter is 
removed the retort interior is even more accessible than 
the photograph would indicate. 

Any bituminous coal, when heated, becomes more or 
less fused or: plastic, the coals of the Eastern bituminous 
fields showing marked tendencies in this respect. Any 
externally heated, internally agitated retort must be 
capable of freeing the stirring mechanism from accumu- 
lation of sticky material. This has been most effectively 
accomplished in this retort by providing stationary 
wiping arms on the retort roof through which the double 
row of agitating paddles passes at each revolution. 
Pittsburgh Seam coal of the Fairmont region which is 
particularly sticky when melted has been handled 
satisfactorily without any accumulation of material on 
the shaft or paddle arms. 


Coat Freping Device AND DiscHARGE HopPER 


The coal feed mechanism consists of a simple screw 
which driven continuously by motor with provision for 








FIG. 3. A PHOTOGRAPH OF THE RETORT, OPENED, AFTER THE 
FIRST YEAR OF OPERATION, SHOWING THE MOVING AND 
STATIONARY PADDLES 


altering the conveyor speed by means of change gears 
located between the motor and screw shaft. The combi- 
nation of screw and operating hopper makes an effective 
seal which prevents escape of gas from the retort. 

The coke discharge hopper, shown diagrammatically 


in Fig. 4, has several novel features. There is a vertical, 


tapered chute leading downward from the retort with 
a swinging gate A at the bottom to make a seal against 
escape of gas or entrance of air. Attached to the gate 
is a cooling hopper B which normally stands as in Fig. 
4a, but which at intervals is swung to the position 
indicated by Fig. 4b where it receives a charge of semi- 
eoke from the vertical hopper. With the charge the 
cooling hopper is immediately swung back to the original 
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position and is filled with steam from the pipe C. The 
semi-coke remains under steam for 10 to 20 minutes 
while steam and entrained gases escape through the 
purge pipe D. As the semi-coke leaves the retort at a 
temperature of 700 to 800 deg. F., there is no object 
in recovering the small amount of sensible heat which 
it contains. The steam serves amply to cool it to the 
point where it can be crushed for use as pulverized fuel 























POSITION 4-A POSITION 4-B 





FIG. 4. COKE DISCHARGE HOPPER ON THE MC INTIRE 
RETORT 


or briquetted, as required. It is dumped through the 
gate F at the end of the cooling period and conveyed to 
the crusher by a transfer car. 


Gas AND By-Propuct APPARATUS 


Distillation gas leaves the retort at about 600 deg. 
F., through a stand pipe of conventional design. Liquor 
sprays in stand pipe and suction main serve to bring 
down the temperature and precipitate a large portion 
of the tars together with any dust which may be en- 
trained in the gas. A butterfly regulator valve under 
control of a Smoot Engineering Company pressure gov- 
ernor, maintains constant pressure within the retort, the 
average pressure being plus 1/25 in. water gage, while 


- the maximum variation from the average, which occurs 


when the discharge hopper is opened, is 1/5 in. water 
gage. After passing through liquor scrubbers, the ex- 
hauster, and the oil scrubber, the gas returns through 
a holder and part of it is used at the retort for under- 
firing. No difficulty has been encountered in effectively 
removing tar or oil and ammonia from the gas, or in 
dehydrating the tar. 


COMPARISON OF LOW TEMPERATURE CARBONIZATION 
witH BorLER PRACTICE 


In considering the carbonization or distillation of coal 
at low temperature we are dealing with a purely mechan- 
ical problem. In that respect it resembles the boiler 
stoker, the pulverized fuel furnace, the boiler itself or 
the by-product coke oven. Involved chemical reactions 
occur during carbonization which are perplexing the 
minds of many scientists, who confess only a slight ac- 
quaintance with many of them. They have relatively 
little importance in the question of how to distill the 
coal. 

Consider the complexity of chemical changes which 
occur when coal is fired in a retort stoker. Heat from 
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the fire bed penetrating the coal within the stoker retort 
first distills it ‘at low temperatures, subsequently at 
higher temperatures and then, as it rises further, there 
occur the many reactions from the combustion of carbon 
and the hydrocarbons of the coke or semi coke itself 
and the distilled gases: Has this complex chemical situ- 
ation influenced the design of stoker? Only in this way: 
The designer understood what mechanical: changes took 
place when his coal coked over in the fire box and he 
found how he could best arrange his retorts and tuyeres 
to obtain the distillation. and combustion he wanted. He 
obtained a mechanical solution for a mechanical problem 
—the chemistry took care of itself. 

Numberless inventions involving methods of chemical 
treatment have been offered from time to time as solu- 
tions for the problem of the low temperature carboniza- 
tion, but none have succeeded and the problem remains 
as it always was, a purely mechanical one. What happens 
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FIG. 5. SHOWING RELATIVE SIZE OF THE MC INTIRE RETORT 
AND A REVOLVING DRUM TYPE OF RETORT OF GERMAN MAKE, 
A. REVOLVING DRUM RETORT. B. MC INTYRE RETORT 


during the distillation in this: - Bituminous coal, at least 
the major part of the bituminous coal available for power 
plant use in the United States, melts into a sticky, plastic 


‘mass when subjected to heat. No matter what tempera- . 


ture is employed, or how rapidly the heat’ is' applied, the 
coal first goes through this plastic state before it- becomes 
a solid coke. Usually a plastic zone starts at the point 
of heat application and moves slowly toward the center 
of the coal charge—in the case of the coke. oven the 
melted or plastic zone starts at the hot wall and travels 
toward the center of the oven, the wall is maintained at 
2500 deg. F., and the rate of travel is about 2 in. 
per hr. If the coal mass is stirred while being heated 
the whole mass or charge goes into a plastic state while 
it is distilling, Once it has reached this state, if the 
distillation be stopped at any point, and the mass allowed 
to cool it will solidify into a semi-coke with a deéfinite, 
brittle celi structure which cannot be reconverted to 
plastic. Or, if the stirring is continued with the con- 
tinued application of heat a point will be reached at 
which the distillation stops. 

The amount of distillable substance or volatile matter 
remaining in the residue depends upon the temperature 
reached within the plastic mass. The higher the tem- 
perature the lower the volatile and vice versa. Length 
of time at which ‘the mass is maintained at a stated tem- 


May 15, 1926 


perature has a certain influence in determining the vola- 
tile of the semi-coke, but, the time factor is not so im- 
portant as temperature. ‘ 

Of considerable importance is the application of heat. 
If the by-products of coal are to be recovered in their 
most valuable form the heating must be done in a closed 
chamber and the heat applied through the chamber walls. 
Application of heat directly to the coal dilutes the dis- 
tillation gas and the writer does not consider it economi- 
cally feasible. Processes which have been suggested or 
tried for utilizing internal heat are discussed in a paper 
by the writer for the proceedings of the American Gas 
Association for 1923. To obtain maximum efficiency and 
capacity in applying heat to coal through a wall the 
requirements closely parallel those met with in the 
design of a steam boiler. The transfer of heat in a 
boiler depends mainly upon two things, the amount of 
heat supplied to the furnace side of the boiler tube, and 
rapidity of removal on the other side by the water. 

Circulation of a most:vigorous nature assists the water 
to absorb heat and, generally speaking, the boiler with 
the fastest rate of circulation evaporates the most water 
per unit of heating surface. So it is with distilling coal 
at low temperatures ; allow the coal to lie quietly against 
the heating surface and because of low conductivity of 
coal there is sluggish heat transfer; stir it up and there 
isa condition resembling the water circulation, the 
greater the rate of stirring or agitation (within reason- 
able limits) the greater the heat transfer and the more 
coal coked per unit of surface. 

Carbonizing coal at low temperatures in intermittent 
charges where the charge lies against the heating surface 
until heat has penetrated to the center is like making 
steam in one of the ancient horizontal flue boilers which 
had little or no circulation. The point may be made 
more convincing by a comparison between coking rates 
of low temperature processes, in which it will be seen 
that when the stationary intermittent charge is rel- 
atively thick the heat transfer is low, that when a charge 
is extremely thin the rate of coking and the output is 
increased, but, that an agitated charge, which has the 
effect of spreading the coal against the surface-in thin 
layers, gives the best results. The comparison follows: 


Depth (distance Coal carbonized 
traveled by heat per sq. ft. heating 
through charge) surface per hr. 


Type of Retort 


Stationary charge...... 2 in. 5 Ib. 
Stationary charge...... yy “ oe 
Agitated charge 

(McIntire retort).... .... 14.5 ‘* 


In each of the above cases the temperature of ‘heat- 
ing surface is 1200 deg. F. Data for the two examples 
of stationary charges are derived from experiments 
conducted by the writer at Fairmont; the third example 
gives the actual operation rate of the commercial scale 
retort. ’ 

As stated before, agitation of the charge gives results 
comparable to carbonization in thin layers. If a thin 
layer of coal is placed on a hot surface, say 1200 deg. F., 
and removed from the surface before the average tem- 
perature in the coal has risen about 800 deg., the net 
result will be the production of a semi-coke, tar and gas 
of practically the same quality as if the plate had been 
maintained at 800 deg. and the coal had: been allowed to 
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remain lenger in contact with it. And the same rule 
holds true for the agitated charge; a 1200-deg. surface 
gives a temperature of 800 deg. in the coal charge, if 
the stirring is effectively done, and the resulting products 
are of true low temperature quality. 

The effect of temperature is of greater importance 
in its relation to retort capacity than one would imagine. 
Subsequent papers to be published by the writer will 
show that to lower the temperature from 1200 to 1000 
deg. F., cuts the carbonizing capacity in half, and lower- 
ing it to 900 deg. cuts it in half again. At 900 deg., the 
third example in the foregoing table would have a car- 
bonizing rate of about 414 lb. coal per square foot of 
surface per hour instead of 141% lb. That is why the 
McIntire retort employs 1200 deg. surface temperature 
and provides suitable supports for the parts which com- 
prise that surface and why it has such high capacity. 
To show its capacity with relation to size it is drawn to 
scale in Fig. 5 below a well known German retort of 


the revolving drum type which is said to have a capacity - 


of 50 t. per day. The’ latter is nearly 80 ft. long—a big 
drum of steel welded into one piece and supported only 
at the ends. Obviously ‘it must not be heated much 
above 900 deg. or it will sag or buckle in that great 
length. 

RESULTS 


Pittsburgh Seam coal mined locally is used almost 
exclusively at Fairmont; the by-product yields per 2000 
lb. ton of slack coal are: 3000 cu. ft. of 900 to 1000 
B.t.u., gas, 31 gal. of tar of 1.08 specific gravity. These 
are average results from actual operation in a commer- 
cial size retort and they compare favorably with the 
assay results of the laboratory retorts. For economy in 
tirst cost the plant was not equipped with apparatus for 
recovering light oil or ammonia from the gas, but 
determinations made upon the retort gas indicate the 
recoverable light oil is 1.75 gal. per ton of coal and the 
ammonia 1.7 lb. or the equivalent of 6.8 lb. of ammonium 
sulphate. All of the products have been readily mar- 
keted. The chief object of low temperature carboniza- 
tion is the production of semi coke, a smokeless fuel 
unlike coal or coke and better for many purposes than 
either. Semi coke contains 12 to 14 per cent. volatile 
matter, 11,000 to 13,000 B.t.u. per lb., depending on the 
coal from which it is made, is a peculiar and readily 
combustible form of cell structure. It will burn on 
any chain grate type of stoker or in pulverized form 
in any system applicable to the combustion of pulverized 
coal and give better efficiency than coal. In briquetted 
form it makes an ideal domestic fuel. Nearly 20,000 
t. of semi coke have been sold from the Fairmont plant 
for boiler fuel, metallurgical purposes, and domestic 
fuel. 


THE Minnesota Exectric Lieut & Power Co., Be- 
midji, Minn., will be operated in the*future in conjunc- 
tion with the Midland Power Co., furnishing light and 
power service at Brooks, Mentor, McIntosh and Fosston, 
Minn. The Midland company has been acquired by the 
W. B. Foshay Co., operating the Minnesota Electric 
organization, and will be brought into the superpower 
system now being developed by the Foshay company in 
this: district, With other subsidiaries, a total of 175 
cities and towns are now being served. 
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Refuse Burned at the Mine in 
Large South African Plant 


T WITBANK, South Africa, a steam power station 
which is said to be the largest installation of the 
kind yet made within the Southern Hemisphere is now 
nearing completion. Its output will be used for the most 
part by the great gold mines of the Rand region and 
80,000 kw. will be available for this service in June of the 
present year. The ultimate capacity will be 100,000 kw. 
The existing power system, which will be for the most 
part supplanted by the new development, consists of scat- 
tered stations, located at the various mines, none of them 
exceeding 20,000 kw. capacity. Owing to growing demand 
this arrangement has become increasingly unsatisfactory. 
A breakdown at one station is at present taken care of 
when possible by interconnection with others, but in sev- 
eral. cases recently shortage of power has compelled some 
mines to curtail operations temporarily. These scattered 
plants will in future be held for peak or emergency opera- 
tion only, the base load being carried by the Witbank 
station. 

Unusual conditions will favor economical power gen- 
eration, and the plant is expected to set a record low figure 
in this respect. Base load operation will insure a high 
load factor. In addition, the location at Witbank is at the 
center of a coal field and the boiler furnaces will be de- 
signed to burn refuse coal ordinarily dumped at the pit 
head. This “duff” coal will be purchased at a little less 
than $0.25 a ton and is plentiful. Haulage is reduced to 
a minimum. In its location at the mine, the plant re- 
sembles the super-power installations proposed for this 
country. 

The initial installation will include four 20,000-kw. 
turbo-generator units and provision will be made for a 
fifth to be added when needed. Current will be generated 
at 5000 v., 3-phase, 50-cycle. For transmission it will be 
raised to 132,000 v., the highest pressure yet used in South 
Africa. It will be transmitted 65 mi. to Brakpan, on the 
Far East Rand, and there stepped down for local distri- 
bution. An extension will carry power to the city of 
Johannesburg, 90 mi. from Witbank. Another probable 
future demand will be for electrical operation of the rail- 
road between Witbank and Brakpan, and the transmission 
line has been built parallel to the railroad to simplify the 
change from steam. 

No water is available at the plant site and makeup 
water for the cooling system and boilers will be pumped 
6 mi. from the Oliphants River, where a dam has been 
built to maintain storage. 

The owners are the Victoria Falls and Transvaal Power 
Co. The design and construction is being carried out by 
the same company, with Messrs. Merz and McLellan as 
consulting engineers. The total cost is estimated at about 
$6,200,000. 


FoLLOWING THE RESULTS obtained at the 1250-lb. 
pressure Edgar station, a Babcock boiler for 670-lb. 
pressure and a normal steaming capacity of 190,000 Ib. 
per hr. will be installed at Amsterdam. The forged 
upper drum will measure 4 ft. in diameter and 33.5 ft. 
in length. 


IMPARTIAL DISCIPLINE tempered with good judgment 
is one of the essentials of good management. 
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Electric Power Development in Cincinnati’ 


TREND OF Progress Is SHOWN BY THE RapPip.y Risine Curve oF EvEctRIc Power Con- 
SUMPTION PER Capita FROM 121Kw. HR. IN 1914 To 578 In 1925. By Wm. S. Monroz.t 


FTER REVIEWING the early history of electric 
power in Cincinnati, from the first station at 
Eighth Street, followed by the Plum St., and West End 
Stations, Mr. Monroe began his discussion of present 
day developments with the new Columbia Station lo- 
cated on the Ohio River 20 mi. west of Cincinnati. This 
plant was described in detail in the Feb. 1 issue of 
Power Plant Engineering. 
An interesting point in Mr. Monroe’s paper was a 
discussion of the relative merits of burning coal in pul- 
verized form or with stokers. According to careful tests, 


boilers at Plum Street had about 5000 sq. ft. of heating 
surface and a furnace width of approximately 11 ft. 
The boilers at West End have 12,625 sq. ft. of surface 
and a furnace width of 21 ft. They are set with a fur- 
nace much higher and consequently much larger than 
those at Plum Street. The boilers of the new Columbia 
power station have 15,110 sq. ft. heating surface each and 
a furnace width of 24 ft. and will generate about 25 per 
cent more steam than the West End boilers. 

As a development in steam making capacity, the Co- 
lumbia boilers average 11,250 kw. each while the West 
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Fig. 1, PERFORMANCE DIAGRAM OF 40,000-KW. UNIT AT THE COLUMBIA POWER STATION 


the slagging tendencies of the coal should be the prime 
consideration. In all of the Chicago power stations, a 
low grade of Illinois coal having 13 to 15 per cent ash 
and about the same amount of moisture, is used. The ash 
has a low fusion point, readily forming slag. For this 
reason, it is seldom advisable to burn low grade coals in 
pulverized form. 

On account of the excellent transportation facilities 
afforded by the Ohio River, a good grade of West Vir- 
ginia coal is available at the Columbia Station and for 


this reason it was decided to burn the fuel in pulverized . 


form at this station. 
It is interesting to see the development of boiler 
practice in the three Cincinnati stations. The largest 


*Abstract of a paper read before the Cincinnati Section of 
the A. I. E. E., Feb. 11, 1926. 
¢President of Sargent & Lundy, Inc., Chicago, IIl. 


End boilers carry only 8570 kw. This increase in 
steaming capacity is reflected also in the size of the 
boiler house required. The West End boiler occupies an 
area of 0.32 sq. ft. per kw. against 0.24 sq. ft. for the 
Columbia boiler room and has a building volume of 32.5 
eu. ft. per kw. against 23.6 cu. ft. per kw. for the 
Columbia boiler. 


PERFORMANCE DiacrRAM SHOWN 


In Fig. 1 is shown a ‘‘Performance Diagram”’ for the 
Columbia power station. It is a diagram of the steam 
and feed water systems of the plant and is what is some- 
times called a ‘‘heat-balance diagram.’’ This works out 
to a station performance of 13,400 B.t.u. per kw.-hr. for 
a monthly average. The turbine efficiency, that is, the 
B.t.u. consumption of the turbine is 10,284 B.t.u. per kw.- 








pars 


Re ER =a oa 


=— = © 


6 


20 


10 


FIG, 








in 
he 
aD 
he 
5 


he 


he 


1e- 
ut 


he 
W.- 





May 15, 1926 


hr. generated. This is the guaranteed heat consumption 
at the point of the best efficiency. We have allowed 
88 per cent average boiler efficiency which is probably 
warranted with the high grade West Virginia coal and 
pulverized coal furnaces, and adding for auxiliaries and 
figuring 92 per cent operating efficiency, which allows 
for the difference between the theoretical plant efficiency 
and what can actually be obtained and provides for 
banked fire losses, boiler blowoff and other unavoidable 
losses, we get a plant efficiency of 13,400 B.t.u. per kw.-hr. 
output. It must be understood that 92 per cent is a 
high operating efficiency, but with close operation, some- 
times can be obtained. The West End station has been 
operated for many months at 93 per cent. We believe 
that Columbia power station when it is completed and in 
well established operating condition and with a high and 
fairly uniform load will show a plant efficiency under 
14,000 B.t.u. per kw.-hr. 
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NATI DISTRICT 1914 To 1930 


We are sometimes asked what is going to be the 
future of steam power electric generating stations so 
far as the plant efficiency is concerned. Power station 
efficiencies are nowadays usually reckoned in B.t.u. per 
kw-hr. of output from the station. This, however, is 
not an exact comparison because it is impossible to get 
as good an efficiency with the low grade coals which run 
high in moisture and ash as it is with the high grade 
West Virginia coals. The inherent and unavoidable 
losses such as those due to the hydrogen and sulphur 
in the coal are considerably higher with the low grade 
coals than with those of better quality. Furthermore it 
is impossible to get as high furnace efficiency with the 
Jow grade coals as can be done with the better grade. 
The difference in this way amounts to several hundred 
B.t.u. per kw.-hr. It is difficult to allow accurately for 
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these factors, therefore station efficiencies continue 
to be reckoned by that figure. A few years ago 20,000 
B.t.u. per kw.-hr. output was considered good station 
performance. Now there are many large stations operat- 
ing under 18,000, a few under 16,000, the Philo station is 
operating close to 14,000, and, as was pointed out, the 
Columbia power station with its high grade coal and 
pulverized coal furnaces, is expected to better that figure. 


THOUSANDS OF KILOWATTS 





~ 


YEARS 

FIG. 3. GENERATING. CAPACITY AND PEAK LOAD IN THE 

CINCINNATI DISTRICT SINCE 1914 AND THE EXPECTATIONS 
uP TO 1930 


Figure 2 shows the increase in the output of electric 
energy in kilowatt-hours sent out from the central sta- 
tion in Cincinnati each year from 1914, also the coal 
consumption, and, what is of the greatest importance, the 
reduction in the pounds of coal per unit of output 
(pounds per kilowatt-hour). It is interesting to note that 
in the last 5 yr. the consumption of coal per kilowatt 
hour has been reduced from 1.7 to 1.4 and we expect 
a further reduction by 1930 to less than 1.25 lb. These 
figures are based on the entire load, including all the 
power stations in the district and not alone the new 
Columbia power station. 

In Fig. 3 is shown the power station capacity and 
the peak load in the Cincinnati district since 1914, and 
the expectations up to 1930. From this diagram it will 
be seen that the peak load in 1925 for Cincinnati and 
the adjoining cities in Kentucky was 145,000 kw. and 
including Dayton, which is now a part of the ‘‘Colum- 
bia’’ power system, the entire load in the Cincinnati 
district was 199,000 kw. It is estimated that by 1930 
the total load in the Cincinnati district, including Day- 
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ton, will be practically 300,000 kw. The Cincinnati 
load has doubled in the last 5 yr. Assuming that it 
will double again in 7 yr., which is not unlikely, the 
system load, including Dayton, will be 600,000 kw. in 
1932, and it is likely to be 700,000 by 1935. This will 
require the completion of the Columbia power station 
to its ultimate capacity before that time. Long before 
that date is reached, however, the Cincinnati system 
will be connected into several other super power systems 
in the adjoining states, and there will be an exchange 
of power between these systems by which they all get 
the benefit of diversity of load and reserve capacity ex- 
changing from one system to another. 

Columbia power station which will have an ultimate 
capacity of something like a half million kilowatts, is 
located in the extreme southwest corner of the great 
state of Ohio. It is at the junction point of the states 
of Ohio, Indiana and Kentucky, which are three of the 
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FIG. 4. PER CAPITA CONSUMPTION OF ELECTRICITY IN 
CINCINNATI 1914 To 1926 


most important states of the Union, and have a combined 
population of about 12,000,000. A 130,000-v. super 
power system is now being developed in these states. 
The Columbia Gas & Electric Co. has already started 
a nucleus of such a system around Cincinnati. This 
consists of a line from the new Columbia power station 
to the Terminal Substation north of Cincinnati, which 
is now operated at 66,000 v., and connects to the 66,000-v. 
line running to Dayton. There are numerous 33,000 
volt lines to other cities in the Cincinnati district. Even- 
tually there will be a 130,000-v. line to Dayton and 
north. There are many super power systems being 
developed in these states. 

The entire network will be supplied by a large num- 
ber of power stations, the main source of supply being 
the big super. power stations like the Columbia power 
station, the old and smaller stations serving as reserve 
capacity. 

In Fig. 4 is shown the increase in the per capita 
consumption of.electric energy in the Cincinnati district 
from year to year since 1914. The average consumption 
was 121 kw.-hr. per inhabitant in 1914 and it more than 
doubled to 289 in 1920 and last year it was 578, just 
double that of 1920. These figures do not include the 
energy sold to the street railways. The use of electric 
energy in Cincinnati compares favorably with that in 
any of the other large cities of the country. The aver- 
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age for the entire United States is said to be about 
500. 

This continual and rapid increase in the use of 
electric energy, as indicated on the diagram, is the 
vital thing in the industry. It is what makes the great 
increase in our load, but it is of far greater importance 
to the citizens of the community. The development of 
cheap electric power has been the most important factor 
by which the inventions of this great industrial age 
have been made available to the people. The immediate 
problem before the eleetric power industry is to carry 
this valuable source of energy to every home and factory 
and farm. 


Pumping Plant Utilizes 
Automatic Control 


ECENTLY AN interesting automatic system of 
pump motor control was applied to an installation 
of three General Electric squirrel cage motor driven 
pumps. Standard automatic starting compensators were 
used, with an auxiliary control giving six combinations 
of the pump motors at six different water levels in the 
reservoir. During certain periods of time, but one of 
the pumps operates, the other two automatically shut- 
ting down to become operative again only at the end 
of the shutdown period. 

Ice would foul the mechanism of a float switch dur- 
ing the winter months and a Ruggles-Klingemann regu- 
lator panel having six control points was used. Each 
point represents a definite level of the water in the 
reservoir. 

Mounted on the control panel are the regulator, a 
dial switch, a control circuit switch, a time switch and 
seven double-pole control relaying contactors. Rather 
than make a new dial switch with six points, a field 
control switch with 21 buttons was utilized, six points 
being obtained by wiring the 21 buttons into seven 
groups of three buttons each. 

In operation, the water dropping in the reservoir 
causes the regulator to operate, moving the dial switch 
to the first control point, actuating contactor No. 1 and 
starting pump motor No. 1 by means of the first auto- 
matic compensator. As the water level continues to 
drop, additional contactors up to the sixth are actu- 
ated. The first pump motor is rated 60 hp., the second, 
100 hp., and the third, 150 hp. As each pump goes into 
operation, on the first three points of the dial switch, 
the preceding one drops out. Pump No. 3 continues to 
operate on the fourth and Pump No. 1 is added; on the 
fifth point, Pump No. 1 drops out and Pump No. 2 is 
picked up, while on the sixth point, all three pumps go 
into operation. 

In order to have but one pump operate during cer- 
tain periods of time, a time switch and one of the con- 
trol relaying contactors are used. The normally closed 
tips of the time switch were wired in the coil circuit 
of the contactor and the control circuits of the two auto- 
matic starting compensator panels are wired through 
the contactor. During normal operation the contactor 
is closed and all the pump motors start on their respec- 
tive points. During the period of shutdown, however, 
the tips of the time switch open and the contactor drops 
out. As a result, but one pump motor operates, regard- 
less of the position of the dial switch. 
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Predicting Regional Power Requirements 


MernHops oF Economic ForEecAstING HAvE DEVELOPED SUFFICIENTLY TO BE AN 
AID IN PREDICTING FuTURE POWER REQUIREMENTS. By WALTER ALWYN-SCHMIDT 


N THE RAPID swing from individual power pro- 
duction to the use of centrally produced and distrib- 
uted power, a new set of economic problems has been 
introduced, which will multiply as the result of the es- 
tablishment of the so-called super-power central stations 
and the linking up of these stations into power systems 
covering wide sections of the country. Economies of 
individual power production are quite different from 
those of central station power, one principal point being 
the ease of establishing the economy of the power plant 
as compared with the difficulty of determining that of 
the central station with its investment cost, regional 
development and distribution to be considered. 


Factors ENTERING INTO A ForRECAST. 


At the present time, no recognized system exists for 
estimating the present power requirement of any region, 
much less its likely future development but some sort 
of an estimate must often be made to establish the size 
of a proposed generating station. Possibly there will, 
one day, be a really perfect system developed for esti- 
mating but, in the meantime, the best will have to be 
done with the material and experience in hand. 

In the following, an attempt is made to collect the 
various factors influencing present power demand and 
future growth in any given locality and to group them 
according to their respective importance for the estab- 
lishment of a serviceable system of forecasting. 

The basis of any forecast must be the situation as 
it is found. Today, the need of a forecast in an abso- 
lutely virgin field rarely arises, for small plants have, 
as a rule, served a district before the necessity comes 
for building an efficient central plant to serve the grow- 
ing needs of the community and to offer encouragement 
for future expansion. So the forecast can be made upon 
the basis of the previous power history of the district. 

Following are the points which will have to be con- 
sidered : 

1. Present consumption. 

2. Proportion of domestic and industrial consump- 
tion. 

3. Progressive growth of each class of consumption 
over a number of years. 

4. Ratio of domestic consumption to number of 
households. 

5. Ratio of man power to motor power in leading 
industries. 

There will be no difficulty in obtaining the facts to 
make this analysis of the situation as they are to be 
found in the existing records of power enterprises and 
need merely checking and grouping. 


Usiné THE Facts ror EsTIMATING 


Starting with this basic knowledge, follows the more 
important part of the work, to make-the estimate of 
probable future requirements. Future growth of the 
power requirements of any region is influenced by three 
principal factors. These are: 





1. Broadening of power distribution by extension 
of service to present non-users of power in the district. 

2. Natural increase of power consumption from the 
growth of needs of present consumers. 

3. Probable requirements of new consumers enter- 
ing the district. 

The effect of each of these factors upon the correct- 
ness of the estimate is governed by numerous facts of 
lesser importance. It will be necessary to find out why 
no power has been used in the past by those in the dis- 
trict who might have used central station power but 
have not done so. There may be many reasons, of which 
a few are: high rates; parts of district not supplied; 
use of individual power plants; use of machinery not 
requiring power instead of power-driven machines. 

Advantages of central station current for light and 
power are so great that its cost today rarely plays any 
considerable part in the determination of the consump- 
tion rate. Nevertheless, the cost factor enters occasion- 
ally into estimates of this kind and must be watched, 
if for no other purpose than that of precaution. Anal- 
ysis of the domestic consumption, based upon the ap- 
proximate earning power of the consumers or rental of 
the premises will easily show whether any considerable 
change may be expected as a result of change in rate. 
Of more importance is the effect of better distribution 
facilities, resulting from an increased power production 
and enlarged transmission system. It is one of the 
chief claims of super-power that it makes possible the 
delivery of power to regions which cannot be easily 
supplied under the present system. It is best not to 
overestimate the effect of this particular factor upon 
the likely increase of consumption. Unless other fea- 


‘tures are present making for industrial development, 


mere offering of power gives little reason for increase 
in its consumption where there is no previous need. 
Similar difficulties are encountered in estimating the 
effect upon future consumption of eliminating existing 
individual power plants. If asked, central station sales- 
men will generally present too optimistic a view. The 
problem is entirely economic but it is not solved merely 
by presenting comparative figures of cost of central sta- 
tion and individually generated power. Where an in- 
dustrial plant has its own power installation, there is, 
as a rule, good reason for it. One is that the power 
supply is more fully under control of the consumer. A 
second is that the comparison of costs does not always 
favor the central station. A third, and the most impor- 
tant from the standpoint of the estimator, is that the 
investment in the individual plant is carried on the 
books as an asset, which may not be considerable, but 
there is a magic to figures. So it is well, in estimating, 
to regard the effect on increase of current consumption, 
from eliminating individual plants, mast conservatively. 
Few industries do not use electric power in one way 
or another and it is the industrial enterprise, which, 
because of its small size or special character, is not now 
using power, that may develop into a consumer of con- 
siderable magnitude. Industries of this character are 
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found mostly in districts already highly developed as 
to power supply but the possibility of finding among 
them new and surprisingly large consumers is always 
present and they must not be overlooked in making an 
estimate of future requirements. 


NATURAL INCREASE IN CONSUMPTION 


Turning to the natural increase of the volume of 
consumption from existing customers, almost completely 
accurate figures may be compiled, if the estimate extends 
over a period of not more than 5 yr. The most accurate 
and simple way of getting them is by asking the opinion 
of consumers. They, better than anybody else, know the 
approximate size of their future requirements. These 
opinions are, as a rule not difficult to get but, if time is 
too short or the information is refused for competitive 
reasons, a fairly exact result can be obtained from work- 
ing on averages. Previous records of the industrial 
units can be drawn upon and allowance made for a some- 
what more rapid growth during the coming industrial 
period. This may be checked against the performance 
of the corresponding industrial group as represented in 
the national industrial census figures, which will give a 
fair average estimated result. 


New CoMERS TO THE DIstTRICT 


This group presents the most elusive factor of the 
three. So far the estimate has progressed upon the 
basis of known facts but the addition of new power con- 
sumers is completely unrelated to existing conditions 
and methods of estimating it must be different. Unfor- 
tunately, it is in just this direction that a wrong estimate 
is likely to do the most harm. Power requirements of 
any district must not be provided for in a haphazard 
manner, expanding as one goes along. Individual pro- 
duction units may be added as the need arises but it is 
necessary that the original foundation should provide 
for all the possibilities of future expansion so as not to 
entail new and fundamental outlay when additions are 
to be made. This is especially true in hydro-electric 
developments where the selection of a site must depend 
almost entirely upon whether the power available will 
supply the demand of the distribution field. 

Generally speaking, the industrial growth of a region 
proceeds along natural lines. If an industry has estab- 
lished itself and has proved that it can prosper, it is, as 
a rule, followed by enterprises of the same character, 
either by splitting off from the older enterprise or by 
new comers entering the district expecting to find 
trained labor and cheap power. Existence of raw mate- 
rial sources often has an influence on the establishment 
of industries; also provision of sufficient power will 
often call to life industries which could not be carried 
on without its presence, even though the raw materials 
were available. 

There are no definite rules to follow in this quest but 
the following channels are worth exploring: 

1. Chance for duplication of existing industries. 

2. Development of industries supplementary to those 
already in existence. 

3. Introduction of industries similar to those exist- 
ing. 

4. Natural development possibilities for new indus- 
tries. 
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Under this same heading comes the increase of domes- 
tic load likely to result from expansion of the popula- 
tion as industries develop and possibilities for earnings 
increase. 

Making a correct estimate of these factors upon in- 
formation obtainable in the district itself is almost hope- 
less. The estimator must draw upon the practical expe- 
rience gained in other regions where conditions are 
similar to those of the region under consideration. An- 
alysis and comparison with such a region, even though 
the conditions are not identical, which has undergone 
development in the past, may be used with comparative 
safety, especially if the results are counter checked with 
national statistics. This counter check is always of ad- 
vantage. While it is true that there are cases of abnor- 
mal expansion, the rule stands that progress, on the 
average, moves at an even speed all along the line, if 
the average is secured from a considerable number of 
representative cases and over a period of not less than 
5 yr. As estimates must be made for 5 yr. ahead and 
often for 10 to 20 yr., there is every reason to trust the 
law of averages when estimating thé likely expansion of 
consumption as represented by new additions to in- 
dustry. ; 

Care should be taken not to warp the judgment of 
local conditions by too early resort to national statistics. 


SHort Term ESTIMATES 


Often estimates may be needed for the immediate 
purpose of laying plans for purchases and service de- 
mand of an existing enterprise for the coming year. 
While the principle of the estimate is the same as for 
the longer period, the estimator has the advantage that 
he is working almost entirely from known figures, even 
as to the likely addition of new power consumers. New 
enterprises do not appear over night and the knowledge 
of those who are building or renting premises, getting 
equipment and possibly inquiring for power gives a 
good idea of what the demand is likely to be. 

In making such an estimate, the following rules are 
offered as a guide: 

1. Select carefully your method of procedure and 
then follow it. . 

2. List each item about which inquiry is to be made. 

3. Collect all your material before making the esti- 
mate. 

4. Do not use your own judgment as to results even 
if the figures do not seem to back up your opinion. 

5. Base your estimate upon the smallest possible unit 
such as motor power per man employed or motor power 
per unit of production for industrial plants. This makes 
for correctness in getting the total estimate. 

6. Test, if possible, your systems of forecasting upon 
previous records of performance in the plant. 

More and more will forecasting of requirements for 
the coming year and for longer periods become a neces- 
sity. As more is learned about economic and technical 
facts, we are bound to make forecasting results more 
reliable. At the present time, the science is more or less 
undeveloped, but there is no excuse for neglecting such 
present development as has been found useful. Only by 
keeping our estimates and comparing them with results, 
ean we hope to make this work more perfect and fool 
proof. 
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Modern Fuel Handling in Power Plants 


VARIETY OF EQUIPMENT ENABLES ALL CONDITIONS TO 
Be Met anp SHows Goop RETURN ON INVESTMENT 


N RECENT YEARS fuel handling methods have 
progressed rapidly until they now constitute an im- 
portant part of power plant engineering. Reliability 
and economy are the major considerations, both of these 
points being influenced by local conditions which deter- 
mine, to a certain extent, the fuel to be used, the size of 
the plant and features of design. 

Economy may result from low handling costs, low 
installation cost of the equipment itself, or from reduc- 
tions in the cost of boiler room building and design. 
Reliability should never be sacrificed for economy, as an 
interruption of service is always a serious item of ex- 
pense. Storage facilities may be advisable either to 


guard against fuel shortage, or, in the interest of econ- 
omy, by allowing fuel purchases to be made with the 
market. Economic as well as mechanical considerations 
demand attention as the initial cost, maintenance and 
operating expenses must be such that the installation 
will show a good financial return on the investment. 


FIG. 1, LOCOMOTIVE CRANE UNLOADING AND STORING COAL 
IN AN INDUSTRIAL PLANT 


The wide range of equipment available makes this pos- 
sible in every case by proper attention to detail and 
design. 

Coal is by far the most important power plant fuel 
and the handling equipment selected is influenced by 
the size of the plant. Small plants often justify but a 
small investment in handling equipment which is often 
of the hand-operated trolley type. Medium sized plants 


may require considerable equipment, with conditions 


which often. make it advisable to have this equipment 
handle both the coal and ash, while in large stations the 
amount of coal handled is generally sufficient to keep 
the equipment busy a large part of the day making 
separate ash handling equipment a necessity. The im- 
portance of duplicate equipment and storage facilities 
increases with the amount of coal used, both being abso- 
lutely necessary in the large central station. 

In addition to the usual coal handling equipment, 
fluid properties of pulverized fuel require special appa- 
ratus to take care of the material after leaving the pul- 
verizer. Handling of fuel oils for steam or Diesel 
enzine plants is largely a matter of pumping with stor- 
age methods often determined by insurance regulations 


or municipal legislation. Gas is of some importance as 
a fuel but its use is largely an industrial problem of 
local consumption requiring little handling. 

Coal as received in gondola or hopper cars, wagons, 
trucks or boats can be handled by a variety of methods. 
For gondola ears, boats and barges the grab or clam- 
shell bucket is popular. These buckets, built in a num- 
ber of types, usually range from 1% to 3 t. capacity and 
are handled by some form of crane, which may have 
steam, gas engine or electric drive. The locomotive type 








FIG. 2. MODERN BRIDGES ARE EQUIPPED WITH CONVEYORS 
TO HANDLE LARGE CAPACITIES IN AND OUT OF STORAGE 


illustrated in Fig. 1 is common for power plant work, 
it is usually mounted for standard gage track, can be 
moved readily, travels a considerable distance at a fair 
rate of speed and, in an emergency, can be used to shift, 
or spot, cars in the yard. To meet specific conditions 
the crane is sometimes mounted on stationary piers or 
on trucks with standard automobile or tractor tread. 
Storage areas so narrow as not to permit double track- 
ing or switching facilities, find the gantry crane, with 
the entire mechanism elevated and supported on mov- 
able piers straddling the car tracks, useful. 

An elaboration of this crane, a more expensive piece 
of equipment, known as a bridge and suitable for large 
capacities, is shown in Fig. 2 unloading a boat. Early 
forms of bridges were little more than traveling trolleys 
used for storage. Later developments known as con- 
veyor bridges are equipped with grab buckets, belt 
conveyors, cranes and booms to meet specific conditions. 
They are now used for both storage and reclaiming, the 
conveyor increasing the handling capacity greatly and 
making it practically constant regardless of the size of 
the storage yard. All horizontal movement of the coal 
is accomplished by means of conveyors, the bucket being 
used for hoisting and delivering to the conveyor hopper. 
They may be used under almost any conditions of serv- 
ice, where the capacity handled justifies the expense, or 
with any combination of car and boat unloaders, con- 
veyor systems and storage conditions. 

Boom conveyors located directly over the car track 
are often practical in small or medium sized installa- 
tions. They are usually of the flight or bucket type, 
pivoted at the upper end to discharge into a hopper 
or onto another conveyor. The lower end is fitted with 
























a scoop the width of the car and equipped with a screw 
to feed the coal to the center belt. 


Car DumpersS OFFER ADVANTAGES FOR LARGE 
INSTALLATIONS 


Car dumpers similar to Fig. 3 are an economy for 
large capacities. By completely inverting the car, it is 
emptied and cleaned completely in from 1 to 5 min., 
depending upon the type of dumper employed. The 

















FIG. 3. ALL TYPES OF CARS ARE HANDLED BY THIS ROTARY 
CAR DUMPER 


normal rating of the one in the illustration is 20 cars 
per ‘hour, although the capacity may be increased. 
Unloading is semi-automatic, the entire cycle being con- 
trolled by two movements of a drum controller. Cars 
are gripped from the side and top by clamps which 
gradually tighten as the dumper is revolved while, if 
power is accidentally cut off, an automatic brake 
operates to hold the car in position. All types and sizes 
of standard gage cars are taken care of and dumped 
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FIG. 4. WHEN CARS ARE DUMPED ON THE GROUND PORT- 
ABLE UNLOADERS WILL HANDLE ABOUT 70 PER CENT OF 
THE COAL 


directly into a track hopper from which the coal is han- 
dled as if hopper bottom cars had been used. 

When received in hopper bottom cars, coal may be 
dumped directly on the ground and handled, as in Fig. 
4, by means of a portable loader. About 70 per cent 
can be handled by this method and, if several machines 
are used, it offers a reasonable and flexible method for 
smaller plants. Larger installations may employ a 
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trestle or track hopper to advantage, the latter being the 
more popular, due to the ease with which it may be 
worked in combination with other equipment. 

Often it is advisable to allow the pile which builds 
up under a trestle to act as storage. Coal can be re- 
claimed for use by means of a tunnel conveyor running 
underneath the pile and loaded from overhead gates or 
by means of cars, trolley, crane or dragline scraper. In 
addition, the scraper offers a convenient method of 
increasing the storage area by operating crosswise be- 
tween bents of the trestle to extend the pile sideways as 
in Fig. 5. 

In the majority of cases coal eventually reaches the 
track hopper regardless of whether it comes from stor- 
age, car dumper or hopper-bottom cars. As a rule, it 
must then be elevated and conveyed horizontally a con- 
siderable distance, sometimes in two directions, while the 
problem is sometimes further complicated by run-of- 
mine coal which must be crushed before use. Sized coal, 
although usually available, is somewhat higher in price 



















FIG. 5. DRAG LINE SCRAPERS CAN BE USED WITH IRREGULAR 
STORAGE AREAS 





and the supply not always dependable. Small plants 
often eliminate crushing by the use of a bar grizzly, or 
sereen, in the hopper where lumps, which will not pass 
through, are broken by hand. This method cannot be 
used for large capacities, however, and provision must 
be made for crushers, which are usually placed directly 
at the outlet of the track hopper, or, at the discharge end 
of a skip hoist or elevator. If storage facilities are pro- 
vided, crushing may be before storage or at the time of 
reclaiming. Many powdered coal plants find it neces- 
sary to crush in two stages, usually providing storage 
facilities between the two crushers. 


Skip Hoists ARE BECOMING OF INCREASED IMPORTANCE 


For high lifts and large capacities skip hoists are 
applicable, especially so, if the coal is in large lumps or 
extremely corrosive. The installation is simple, with 
reasonable first cost and low maintenance. Three types 
are in common use, the unbalanced, the counterbalanced 
and the two bucket balanced. 

Where peak loads are of little consequence, the unbal- 
anced type is suitable, although the motor horsepower 
required runs from two to three times that of the other 
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two. In the counterbalanced type, counterweights are 
ordinarily designed equal to the weight of the bucket 
and half the load so that the power required, both up 
and down, is equal to friction plus half the load. In the 
two-bucket balanced type, one bucket going up balances 
the other. bucket coming down and the motor lifts only 
the net load increased, of course, by the mechanical 
friction. 

Capacity depends upon the method of loading, speed, 
lift and bucket size. Speeds are classified as slow, me- 
dium and fast, running about 80, 140 and 260 ft. per 
min. respectively, while loading may be manual, semi- 
automatic or automatic. The automatic type, when 
started, continues to load and unload automatically until 
stopped. A typical loader for this type is shown in Fig. 
6. The semi-automatic type must be loaded manually 
but when started dumps and returns to the loading posi- 
tion without further attention. 

Dumping is accomplished by two methods, com- 
pletely inverting or by discharging through the bottom 
of the bucket. Either type offers a flexible installation, 
as the track may be vertical, or inclined, and may 
change direction if necessary. Power requirements of 
inclined hoists vary about as the sine of the angle made 






























FIG. 6. AUTOMATIC LOADERS INCREASE SKIP HOIST CAPACI- 
TIES BY ALLOWING HIGHER SPEEDS AND FASTER LOADING 


with the horizontal. The installation is easily adapted 
to handle both ash and coal, although it is not as widely 
used as the bucket conveyor for this dual service. Com- 
pound wound direct current, or, high torque squirrel 
cage alternating current motors are used for electric 
drive while a hydraulic valve making automatic control 
of steam or Diesel-engine-driven hoists possible is a 
recent development. 

When capacities, or lifts, do not necessitate a skip 
hoist, the bucket elevator offers an efficient method of 
elevating to bunkers. Capacities depend upon the speed 
of driving as well as the size and spacing of the buckets. 
Speeds vary from 100 to 250 ft. per min., depending 
upon the type of elevator. Buckets are supported on 
single or double chains or riveted to-belts. Dimensions 
are determined by the size of lumps to be handled, about 
70 per cent actual bucket volume being used when cal- 
culating capacities. Centrifugal discharge elevators 
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fastened between two chains and earried on rollers. 





operate at relatively high speeds and, as centrifugal 
force is relied upon to throw the elevated material clear 
of the preceding bucket, the speed must be kept within 
certain limits. On continuous elevators, the buckets are 
spaced close together and so arranged that the back of 
each bucket acts as a discharge chute for the following 
one. The slow speed and close bucket spacing gives a 
steady flow of material. 


AsH AND CoaL BotH HANDLED ECONOMICALLY BY 
GRAVITY DISCHARGE CARRIERS 


Where plants can conveniently combine ash and 
coal-handling equipment gravity discharge carriers are 
convenient as they can be used for both elevating and 
conveying without transferring the material. Two types 
are in common use. The first, with V-shaped buckets 
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SHOWING A TYPICAL ARRANGEMENT OF A PIVOTED 
BUCKET INSTALLATION 





The 
buckets are upright when traveling vertically but ride 
on their side, in a trench, when traveling horizontally. 
In this position they resemble a flight conveyor and dis- 
charge through gates in the bottom of the trench. 
Although the first cost is low, use of this type is limited 
to rather short horizontal distances, because of the fric- 
tion and abrasive action of the tipped buckets. 

For considerable horizontal distances, the second 
type with overlapping pivoted buckets is preferable. 
These travel about 40 ft. per min., are practically silent 
in operation, suitable for moderate lifts and capacities 
and will handle both ash and coal in ordinary malleable 
iron buckets. Buckets are in an upright position at all 
times, except when dumping, and are carried, not 
dragged, on suitable wheels. Pivoted side arm exten- 
sions are used, so that, in changing from horizontal to 
vertical runs the buckets are swung free of the sprocket 
to avoid interference. Traveling trippers are provided 
to invert the buckets at any desired point, while V- 
shaped overlapping lips prevent small pieces of coal 
from being carried around and collecting at the corners. 
Skirt boards are provided at points of loading and with 
overlapping pans the horizontal run offers a continuous 
bucket surface through which no coal can drop. Figure 
7 shows a typical installation fed by an apron feeder 
from a track hopper through crushing rolls. The in- 
stallation is arranged for handling both coal and ash 
with the same conveyor. 

Both types of gravity discharge conveyors are en- 
tirely satisfactory and are in extensive use. They must, 
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however, be used in the same vertical plane so the con- 
veyor is generally installed to run longitudinal with the 
coal bunkers and discharge directly to them. Where it 
is not possible to do this, the coal is transferred to a dis- 
tributing conveyor running at right angles. 

Various other types of conveyors are used. The drag 
conveyor is the most elementary, consisting simply of a 
heavy fiat chain drawn along the bottom of a trough. 
The flight conveyor is an elaboration of the drag and 
makes use of steel flights fastened to a chain. The 
flights carried by one or two chains, are usually sup- 
ported on rollers or skids. Flight conveyors are 
adapted for longer distance than drag conveyors 
and may be used on inclines up to 45 degrees. 
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FIG. 8. BOTH ASH AND COAL ARE HANDLED BY THE SAME 
SKIP HOIST IN THIS TYPICAL LAYOUT 


When handling coal or ashes the abrasive action is con- 
siderable, hence special designs with renewable bottom 
plates have been developed for this service. Small coal 
is sometimes distributed to bunkers by means of a screw 
conveyor. 


LOcATION OF CRUSHER INFLUENCES LAYOUT OF OTHER 
EQUIPMENT 


Apron conveyors are adapted for heavy service and 
consist of a series of plates carried on roller supported 
links. They are often used in short lengths as a feeder 
for crushers or other conveyors, as they give a con- 
tinuous feed and will handle material at a considerable 
incline. 

Another popular feeder type, the reciprocating plate, 
is ordinarily operated by an eccentric from the crusher so 
the feed is semi-automatic. Belt and rotary feeders are 
usually used for fine coal or feeding belt conveyors. 

Although it is sometimes possible to feed the coal 
to the crusher by means of a horizontal feeder, the use 
of the inclined type will save considerable head room. 
For short feeds and limited height, the reciprocating 
feeder is preferable but for feeds of over 10 ft., the 
apron feeder must be used, requiring increased head 
room or an inclined arrangement as in Fig. 7. A skip 
hoist installation with the crusher located at the top of 
the building as in Fig. 8 is typical. In this particular 
installation the skip handles both coal and ash. Coal is 
stored, uncrushed, by a drag scraper and reclaimed by 
the same method. 

Use of the belt conveyor for coal distribution is be- 
coming of increased importance. Inclines up to about 
18 deg. may be used and by means of traveling trippers, 
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the belt unloaded at any point of its travel or over the 
end as desired. Figure 9 shows a special tripping de- 
vice, known as an aeroplane tripper, used for storage 
and stacking. In many cases, a short shuttle conveyor, 
mounted on trucks, is used in place of the tripper, the 
main conveyor discharging over the end of the belt to 
the shuttle which is moved to such a position that the 
end discharge is at the desired point. The use of a 
shuttle eliminates the double reversal to which the belt 
is subjected in a tripper. 

Belts are supported on three or five troughing idler 
pulleys to give a troughed or arced section while the 
width is determined by the size of the lumps to be han- 
dled and the capacity desired. Recently, the roller bear- 
ing type of idler has been exceedingly popular due to 
the lower power consumption. Various manufacturers 
agree that roller bearings reduce the power consumption 
to about 60 per cent of that required by plain <idlers but 
the cost of the conveyor as a whole is considerably in- 
creased. The advisability of using them must be deter- 
mined in each individual case from the first cost and 
power requirements of the two types. . 


POWER REQUIREMENTS DECREASED BY PROPER 
LUBRICATION 


Lubrication is an important item in the operation of 
the equipment and all manufacturers provide large 





THIS STACKER IS EQUIPPED WITH A VARIABLE 
SPEED MOTOR TO INCREASE THE STACKING RANGE 


FIG. 9. 


grease pockets to use with either cups or patented lubri- 
eating systems. Grease offers some advantages over vil 
in the matter of dust protection, the common method 
being to force the grease from under the bearing, driv- 
ing out any dust or grit that may have collected and 
forming a grease seal to protect the bearing further. 
Belts should be carefully inspected each week and holes 
and breaks in the rubber repaired as moisture will 
quickly eat the fabric and shorten the life of the belt. 

A recent application of the flexible steel belt is illus- 
trated in Fig. 10. The conveyor in this case is an end- 
less steel belt, carried flat on tube steel rollers. Unload- 
ing is accomplished by means of a plow, scraping the coal 
off both sides of the belt, and mounted on wheels so that 
it can be moved along the run of the belt to the desired 
point of discharge. 

For storage purposes the crane, conveyor, bridge, 
trestle, trolley and drag line scraper are extensively 
used. The latter offers many advantages, especially 
where the storage space is large and irregular. The 
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same equipment is used for storing and reclaiming, the 
first cost, maintenance and operating costs are low while 
skilled labor is not required. This method of storing 
decreases fire risk by keeping the coal in layers without 
allowing large lumps to collect at the bottom of the pile 
and fines at the top. In case of fire, any part of the pile 
can be reached and dug out by the operator unhampered 
by smoke and fumes from the burning coal. 

Seraper speeds out average about 200 ft. per min., 
which is increased to from 400 to 600 ft. per min. com- 
ing back in order to increase the handling capacity of 
the equipment. Bucket sizes run from 1/3 to 3 t. and 
the capacity of the installation depends on the speed, 
size of scraper and average haul. Costs range from %4 
to 3 cents per ton in and out of storage. The scraper 
is fastened to a cable operating between two fixed points, 
the stationary head post located near the initial storage 
pile; and a movable tail block. The latter may consist 
either of fixed posts located around the outskirts of the 
storage or a heavy movable tower mounted on trucks. 


PowpDERED CoaL FLows LIKE A FLUID 


Usual coal handling equipment cannot be applied to 
powdered fuel. Each coal particle attracts an air film, 
friction between particles is really that of air and not of 
coal, with the result that the material flows like a fluid 
and must be handled as- such. Coal has a specific 
gravity of about 1.27 yet, when freshly pulverized, will 
















FIG. 10. COAL IS CARRIED ON AN ENDLESS STEEL BELT IN 
THIS POWER HOUSE 


have a density of from 20 to 25 Ib. per cu. ft. instead of 
80 lb., as its specific gravity would lead one to believe. 
If allowed to settle, the density will gradually -increase 
as some of the air is forced out. A particular coal 
sample taken from a conveyor screw weighed 20 lb. per 
cu. ft. after delivery to a bin 7 ft. deep, it weighed 31.5 
lb., in 24 hr. this had increased to 35 lb. and in 6 weeks 
to 38.5 Ib. 

Several methods of transportation are in general use 
and may be roughly divided into five main groups, 
although a particular installation may require the use 
of several in combination. 

1. The serew or flight conveyor. 

2. Air pressure transportation, where compressed 
air is applied to blowing tanks for the purpose of fore- 
‘ng coal through pipes to the point of delivery. 

3. Air mixture systems, where the coal is mixed 
with 50 per cent, or more, of the total air required for 
combustion. 

4. Pumping systems where screw or rotary pumps 
are used in conjunction with a small amount of air to 
act as a lubricant or aerator. - 
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5. By means of tanks, barrels and sacks for tran- 
sporting small quantities for local consumption, a 
method which has little commercial importance. 

Serew conveyors, the original method of transport, 
are still widely used, especially for small installations 
and short distances. A modification of the flight con- 
veyor operating in an enclosed housing is sometimes 
used for the same purpose. The screw conveyor is 
simple, rugged, easy to operate and continuous in its 
operation but has some serious disadvantages which limit 


























FIG. 11. AIR PRESSURE FORCES THE POWDERED COAL INTO 
THE DISTRIBUTING PIPES IN THIS SYSTEM 





its use. A change of direction or elevation is not pos- 
sible without running into complications while the con- 
veyor is heavy and expensive. Rigid supports must be 
provided, the housing must be kept dry and dust-proof 
and the coal dry to prevent clogging. Changes in eleva- 
tion must be taken care of by elevators while single 
conveyors of more than 250 or 300 ft. should be avoided. 

Power requirements vary with the conveyor design 
and condition, as well as the quality and condition of 
the fuel. A common provision is to allow 1 hp. for every 
8 t. per hr. conveyed 40 ft. Capacities will vary with 
the size and speed of the conveyor, thus a 6-in. size run- 
ning at 50 r.p.m. will convey about 2.5 t. per hr. and at 
100 r.p.m. about 4t. Capacities of the 12-in. size for the 
same speeds are 8 and 14 t. respectively. 


ScaLes ENABLE OPERATOR TO KEEP REcoRD OF COAL 
USED 


Transportation of powdered coal by the compressed 
air system has been adopted extensively with excellent 
results, a typical layout being shown in Fig. 11. From 
the storage bin, coal is delivered to cylindrical blowing 
tanks usually through flexible connections. These tanks 
are commonly mounted on direct-reading scales allow- 
ing the operator to keep track of the coal delivered. 

When the pressure tank is filled, communication with 
the storage bin is shut off and compressed air at from 
10 to 60 lb. pressure is admitted, coal being forced 
through a pipe line and discharged to bins through a 
system of valves. Aeration, or lubrication, to increase 
the fluidity of the material is effected by an air lift 
action in the pressure tank itself or, by admitting com- 
pressed air to the delivery line. The pressure in the 
tank, together with the aerating effect of the air mixed 
with the fluid, is sufficient to transport the coal through 
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pipe lines several thousand feet long with a fraction of 
the power that would be necessary using pressure alone. 
An auxiliary air line parallels the transport line so that 
stoppages can be blown out without delay. 

Increased capacity and distance can be obtained 
either by an increase in pressure or by increasing the 
quantity of air used for aeration. Both methods are 
in use, the latter has been standardized at 10 lb. because 
of the lower first cost of the compressors and pipe lines 
and the safety features involved. 

Pipe lines for the delivery system are made of ordi- 
nary screwed pipe and fittings with normal bends. 
Reasonable elevations can be taken care of and the pipe 
may be laid under ground or overhead with the con- 
venience of ordinary water or gas pipe. Although the 

















IN THE AIR MIXTURE SYSTEMS UNBURNED FUEL 
IS RETURNED TO THE FAN 


Fic. 12. 


air used is only about 1 per cent of the total required 
for combustion, cyclone separators or vents are ordi- 
narily provided for each bin. Signal systems have been 
devised to enable delivery to the bins to be controlled, 
at a distance, by an operator in the mill house. In every 
case provision is made to empty the main automatically 
after each operation. 

The quantity of air required varies with the distance 
and capacity of the installation, the type of apparatus 
used and the refinements with which the details have 
been worked out. In general, from 700 to 1000 cu. ft. 
of free air per ton of coal transported is required, the 
total power requirements varying from 2 to 4 hp. per 
ton per hr. 

Air mixture systems similar to Fig. 12 depend en- 
tirely upon the motive power of a large, high-pressure 
fan or blower. Coal is fed to the blower, usually from 
a screw feeder, and, together with the air drawn into 
the fan, .is delivered to a large main, from which 
branches are taken to the various burners. The primary 
air supplied with the coal in several systems varies from 
50 to 60 eu. ft. per ton of coal or about 50 per cent of the 
total required for combustion. A pressure of about 10 
oz. is maintained, the velocity in the pipes varying from 
80 to 90 ft. per second, considerably above the speed of 
flame transmission. 

Supply mains are in the form of a loop to return 
- unused fuel to the fan suction or storage bin. Fine and 
uniform pulverization is a necessity as a non-uniform 
mixture cannot be maintained in perfect suspension. 
Power requirements run considerably higher than in 
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the air pressure system as the power demand of the fan 
is continuous but unlike the other system, air supplied 
with the coal is used for combustion and is not a total 
loss. 

Mixtures in unit installations may contain practically 
the entire amount of air required for combustion so that 
the velocity of the mixture through the pipes is accord- 
ingly increased. Although the mixture is highly explo- 
sive, the total volume present at any one time is so small 
that little danger beyond the bursting of the delivery 
pipe is to be expected from an explosion, if it should 
occur. 

Pumping systems have been developed rapidly and 
at the present time offer the most highly developed 
transport systems. Coal delivered from storage bins is 
received in weigh bins mounted upon direct-reading 
scales. Through a flexible connection the coal is then 
delivered by gravity to the feed hopper of a screw or 
rotary pump. As the material leaves the pump, it is 
aerated by a small quantity of medium pressure com- 
pressed air, controlled by a reducing valve and varying 
from 5 to 75 lb. per sq. in, depending upon the material, 
the distance and the elevation. A complete system is 
shown in Fig. 13. 

Delivery lines are usually of black steel pipe, the 
size depending upon the capacity of the installation. 
One very ingenious and complete system is remotely con- 
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FIG. 13. TYPICAL ARRANGEMENTS USING A POWDERED 
COAL PUMP AND ELECTRO-PNEUMATIC VALVE CONTROL 


trolled by a combination of compressed air and elec- 
tricity. 

Signal lights on the control board show the position 
of each valve in the system and whether the bin is empty 
or full. Extensive systems can be arranged to switch 
the flow automatically from one bin to the next and 
stop the pump motor when the last bin is completed. 

Advantages of the system are simplicity, safety, 
cleanliness and adaptability. The amount of air used is 
small, no cyclone separators being required on the bins, 
although small air vents are used to allow the escape- 
ment of the displaced air. Material has been success- 
fully conveyored for distances of over a mile and single 
installations ranging up to 100 t. per hr. are in opera- 
tion with power requirements between 34 and 3 hp. per 
t. of material handled per hour. 

Fuel handling equipment has been perfected and, to 
a certain extent, standardized; nevertheless each in- 
stallation must remain a separate and distinct problem. 
As in other lines of engineering it is impossible to lay 
down rules to meet all conditions so the engineer must 
often use considerable ingenuity in selecting and com- 
bining equipment to meet the commercial and engineer- 
ing requirements of a specific installation. 
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Interconnection of Electric Power Systems 


‘Discussion oF SOME OF THE PRINCIPAL INTERCONNECTIONS, Layouts or Sys- 
TEMS, AMOUNTS OF POWER INVOLVED AND TECHNICAL PROBLEMS ENCOUNTERED 


N ANY CONSIDERATION of the present status of 
interconnection of electric power systems in the 
United States, it must be remembered that at present 
the entire situation is in a state of development. For 

















TRANSMISSION SYSTEMS AND INTERCONNECTIONS 
IN CALIFORNIA 


Fia. 1, 


that reason it is difficult to make a comprehensive sur- 
vey, since many companies have little information that 
they wish to.make public at this time. It is the pur- 
pose of this article, therefore, to discuss briefly a few 
of the more important interconnections now in existence, 
to give whatever data are available regarding the 
amounts of power involved and the voltages used to 
transmit that power and finally to present some of the 
general problems involved in interconnection of sys- 
tems. The question of system stability, one of the im- 
portant engineering problems involved, is discussed else- 
where in this issue. : 

In California, several large interconnections are now 


in existence as shown by Fig. 1. The following tabu- 
lation gives the general size of the Pacific Gas & Elec- 
tric Co.’s system and a list of its interconnections; the 
numbers given in this list after the names of companies 
refer to the numbers in circles on Fig. 1. 


Paciric GAs AND ELectric Company System Data 
AS OF JANUARY 1, 1926 


Circuit miles of transmission line 
Kilowatts of installed plant capacity.. (hydro) 398,975 
(steam) 142,000 


540,975 
System output in kilowatt-hours, 1925...1,996 millions 
Average kilowatts, 1925 
Peak kilowatts, 1925...... vey 
Number of consumers 
Square miles of territory served 
Total installed capacity of interconnected sys- 
tems in California, kilowatts 
Total 1925 output of interconnected systems 
in California, kilowatt-hours 6,181 millions 
Increase over 1924 output, kilowatt-hours 712 millions 


2,028,775 


TABLE I. INTERCONNECTIONS WITH TRANSMISSION SYSTEM 
OF PACIFIC GAS & ELECTRIC CO., JANUARY 1, 1926 





No. 0 
Attached Line 
Print Location Capacity Kw ; Voltage 


12,600 60 kv 
20,000 110" 


3,000 17" 
70,000 110 " 


5,000 22 
3,000 22 
3,000 


Connection with: 
Delta 
Delta 


Calif. Oregon Power Co. 1 
31 


17 
33 


City of Co. of S. F. Priests 
Newark 
Davenport 
Morgan Hill 
San Juan 


Coast Counties G.& E.Co. 8 
20 22 
60 


60 
60 
1 
1l 


3 Salinas 

Great Western Power Co.° 5 4th Ave. Oakland 
6 Santa Rosa 

34 San Francisco 

35 San Francisco 


13,500 


15,000 
5,000 
7,000 
5,000 


Coast Valleys G.& E. Co. 


Modesto Turlock Irrig. 
Dist. (Don Pedro) 


60 
60 
60 
60 
60 
17 
60 
17 


7 Don Pedro Dam 2,500 
7,000 
12,000 
5,000 
8,000 
1,500 
13,500 

700 


450 


Red River Lumber Co. 32 Hat Creek #1 


San Joaquin Lt & Power Co. 8 Newman 

9 Santa Rosa 
29 Summit 

23 Angels 

11 Stockton 
25 Tuolumne 


38 Hopland 


Snow Mt.Water & Power Co. 
Truckee River Power Co. 

Utica Mining Co. 

Western States G& E. Co. 
Westside Lbr. Co. 

Snow Mt.Water & Power Co. thru 
450 


300 
900 


Cal. Tel & Lt.Co. system of 
P.G. & EB. Co. 37 —_ 


36 Healdsburg 
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In the interconnections of the San Joaquin Light 
& Power Corp., some interesting problems have been 
solved. 

Figure 1 shows only such parts of the system as are 
concerned with the possible transfer of power to or from 
the other companies. ll lines are 70 kv. except as 
noted herein. The heavy line through the center of the 
system is 110 kv., 266,800 em. aluminum. The loop 
superimposed upon this line is 1/0 copper or equivalent 
aluminum. The cross-connections with the 110-kv. line 
are 3/0 copper or equivalent aluminum. The change 
from one voltage to another is made by means of 5000-kv. 
auto transformers. The installed transformer capacities 
at these substations are as follows: Sanger, 30,000 kv.a. ; 
Corcoran, 15,000 kv.a.; Semitropic, 15,000 kv.a.; McKit- 
trick, 15,000 kv.a.; Merced, 15,000 kv.a. These trans- 
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FIG. 2. INTERCONNECTIONS IN GEORGIA 


formers are also equipped with tertiary and 11-kv. wind- 
ings, the latter serving the local loads which are fairly 
heavy at all these points. The other substations shown 
are also ‘fairly important load centers and switching 
stations on the transmission system. 

The line from Kerckhoff to Merced is 110-kv. con- 
struction with 266,800 em. aluminum, but during the 
time under discussion was operated at 70 kv. to permit 
connecting to it certain 70-kv. substations in order to 
obtain better voltage regulation at these points. 

The principal plants feeding the San Joaquin sys- 
_ tem are as follows: 

Crane Valley system—five plants—operating princi- 
pally from stored water; peak capacity 26,000 kw. 

Kerckhoff—operating principally on stream flow, but 
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partly on storage. Large forebay for fluctuation on 
daily peaks. Peak capacity 38,000 kw. 

Tule—stream flow exclusively. No fluctuation pos- 
sible on the peaks. Maximum capacity 5000 kw. 

Kern Canyon—stream flow exclusively. No fluctua- 
tion possible on the peaks. Maximum capacity 10,000 kw. 

Midway Steam Plant—25,000 kw. 

Bakersfield Steam Plant—25,000 kw. 

The points of interconnection with other companies 
are given in the accompanying table. 


TABLE Il. SHOWING ENERGY TRANSMITTED THROUGH VARI- 
OUS INTERCONNECTIONS WITH THE SAN JOAQUIN LIGHT 
AND POWER CORP. IN 1924 





G. &E. to 
Je at 





San Joaquin San Joaquin inol. Turlock to Bora Eo Industrial 
to a we Edison ae ae S.d.L.& P- gtd 
Jan. 11,259,000 179,000 ° 0. ° ° 
Fed. 9,245,800 1,551,000 804,000 oO. ° t) 
March 8,811,000 2,772,000 2,641,000 ° ° ° 
April 6,880,000 978,000 363,000 1,171,000 572,000 ° 
May ° ° t) 1,939,000 2,210,000 t) 
June 2,227,000 ° ° 6,259,000 475,000 o 
duly 1,388,000 ° ° 8,335,000 718 ,000 1,007,000 
august 8,755,000 ° 297,000 7,622,000 476,000 1,661,000 
Sept. 7,643,000 C) 420,000 2,555,000 C) 1,762,000 
Oct. 7,380,000 ° 445,000 1,736,000 ° 1,806,000 
Nov. 
Dec. 
10 Mos. > 
total 63,538,000 5,480,000 4,980,000 29,619,000 4,461,000 5,735,000 








There has been comparatively little trouble due to 
these interconnections. On the substations connected 
to the P. G. & E. Co.’s system there was some trouble 
from poor voltage regulation due to the long lines of 
both companies over which the purchased power was 
received, but due to the emergency this was overlooked. 

With the Turlock plant there was no difficulty so 
far as the San Joaquin was concerned. They simply 
carried block loads as required by San Joaquin dis- 
patchers, except as the District’s demands for water for 
irrigation modified the operation of the plant. The re- 
quirements of irrigation take precedence over the gen- 
eration of power but very little conflict resulted from 
this cause and practically all of the possible output of 
the Turlock Plant was absorbed. The co-operation of 
the Irrigation District’s officials and operating men was 
excellent and is thoroughly appreciated by the San 
Joaquin Co. 

When delivering power to the Edison Co., the sys- 
tems are usually in parallel and the San Joaquin system 
is operated with block loads, which are changed from 
time to time at the request of the Edison Company’s 
operator at Vestal. Occasionally when the frequency 
changer set was out of service, the San Joaquin Com- 
pany carried most of the load on the Mt. Whitney sys- 
tem, separated from the main Edison system and gov- 
erned its own and the Mt. Whitney systems. During 
the months of heaviest load, it was necessary to be care- 
ful that the San Joaquin system did not receive an 
undue amount of reactive kv.a. from the Mt. Whitney 
system. On a few occasions during this period, suffi- 
cient reactive kv.a. was received by the San Joaquin 
system to reduce the voltage of the entire system so 
much that satisfactory service could not be maintained. 
On taking the matter up with the Edison Company’s 
operator at Vestal, the necessary adjustments on the 
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frequency set and other synchronous machinery on the 
Mt. Whitney system were made so that the voltage of 
the San Joaquin system was restored to normal. 


During the past year several systems in which Stone. 


& Webster, Inc., are interested have completed or started 
connections to other systems or separated portions of 
their own system. 

In New England the Montaup Electric Co.’s new 
Somerset power station containing 37,500 kv.a. in ca- 
pacity was connected to the Fall River Electric Light 
Co., to the Edison Electric Illuminating Company of 
Brockton and to the Blackstone Valley Gas & Electric 
Co. Each of these connections have two 66,000-v. cir- 
cuits either in operation or being constructed. These 
circuits are designed for future operation at 115,000 v. 
The transformer capacity at the receiving end on the 
Fall River line is 25,000, on the Brockton line 25,000, 
and on the Blackstone Valley line 15,000 kv.a., respec- 
tively. Also a connection has been made between The 
Lowell Electric Light Corporation and the Lawrence 
Gas Company consisting of a single 13,200-v. circuit of 
4000-kw. capacity. 

During the past year Stone & Webster, Inc., have 
become interested in the New England Power Associa- 
tion. This association will be the means of intercon- 
necting the larger systems in Southern New England 
and Northern New York State. 

In the Southeastern States, steps have been taken to 
connect the different properties of the Virginia Elec- 
tric and Power Co. and a connection has also been made 
to the Halifax Light & Power Co. through a 66,000-v. 
circuit. 

The recent completion of Bartlett’s Ferry Station 
of the Columbus Electric and Power Co. has added an 
initial capacity of 37,500 kv.a. to the 110,000-v. system 
of the Columbus Electric and Power Co. and a 110,- 
000-v. connection has been made from the Bartlett’s 
Ferry Station to the Central Georgia Power Co. at 
Macon, as in Fig. 2. Transformer capacity of 12,500- 
kv.a. capacity is connected to the Central Georgia Power 
Company’s circuit. 

The Tampa Electric Co. have recently completed a 
single 66,000-v. circuit of 10,000 kv.a. capacity to the 
Pinellas County Power Company as well as connections 
to recently acquired companies such as the Winter 
Haven Water, Ice and Light Company, and to the Plant 
City Public Service Co. 

In Texas the Gulf States Utility Co. are construct- 
ing the new Neches Power Station, which will have an 
initial generating capacity of 28,100 kv.a. and will con- 


nect through single 66,000-v. circuits which will in the 


future be operated at 132,000 v. to the Gulf States 
Utilities Co. system at Orange (Fig. 3). The station 
will also connect through one 66,000-v. circuit to the 
Western Public Service Co. system at Sour Lake and 
through three 33,000-v. circuits to the Eastern Texas 
Electrie Co. 

No difficulty is anticipated from lack of system sta- 
bility as the loads and transmission distances are not 
sufficient to cause any trouble. 

In Southern New Jersey, the interconnections of the 
Jersey Central Power & Light Co. tie in the towns of 
South Amboy, Runyon, Keyport, Keansburg, Campbell’s 
Junetion, Atlantic Highland, Highlands, Red Bank, 


PLANT 
ENGINEERING 597 





Eatontown, Long Branch, Lakewood, Point Pleasant, 
Toms River, Forked River and Barnegat. 

Power plants were situated at Keyport, Red Bank, 
Long Branch, Lakewood and Toms River. The Lake- 
wood and Long Branch power plants are now being 
utilized, with Red Bank being held in reserve, the bal- 
ance being shut down entirely. 

The system costs decreased as a result of the inter- 
connection about 15 per cent. The lines are for the 
most part double-cireuit No. 2/0 lines, 40-in. spacing 
between centers, supported on Class A wooden poles, 
fir crossarms, 55,000-v. insulators, steel pins. No zero 
or ground wire is used. Construction costs average 
around $6000 per mile, including right-of-way and sub- 
stations. 

INTERCONNECTIONS OF PENNSYLVANIA-OHIO PowER & 
Lieut Co. 


At the present time The Pennsylvania-Ohio Power 
& Light Co. has two major interconnections. The one 
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FIG. 3. TRANSMISSION SYSTEM, EASTERN TEXAS ELECTRIC 
COMPANY 


on the northwest, with The Ohio Public Service Co., has 
been in operation for about 14% yr., and the other on 
the southeast, with the Duquesne Light Co., was fin- 
ished in May of this year. 

The amount of power interchanged with Ohio Public 
Service Co. is approximately 4,000,000 kw-hr. per month, 
with a maximum attained demand of 18,000 kv.a. 

The interconnection is made at the Brier Hill Sub- 
station of the Pennsylvania-Ohio Power & Light Co. 
Brier Hill is fed from Boardman Sub, which is the cen- 
tral substation of the P. & O. System, by two No. 0 
copper, 66 kv. lines a distance of 10.5 mi. The Ohio 
Publie Service Company’s Evergreen Substation, which 
is 3 mi. south of Warren, connects with Brier Hill Sub 
with a 225,000 em. A.C.S.R. single-circuit 66-kv. line, 
connecting to 132-kv. lines at their Evergreen Substa- 
tion by means of a 15,000-kv.a. transformer bank. 

On most occasions when The Pennsylvania-Ohio 
Power & Light Co. was tied in with the Ohio Public 
Service Co., the latter company was tied in with the 
Cleveland Illuminating Co., which in turn was con- 
nected with the Ohio Power Co., the West Penn Power 
Co. and Duquesne Light Co., thus the majority of the 
larger systems in Ohio and western Pennsylvania were 
interconnected. In these instances, some instability of 
frequency and load was noticed, due to inter-system load 
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shifting on some of the remotely connected systems. 
This in turn was felt by all interconnected systems in 
swinging load and instability of frequency. 

At the Boardman Substation of The Pennsylvania- 
Ohio Power & Light Co., a 15,000-kv.a. condenser is 
installed. This serves to regulate system rva.h. inter- 
change to a certain extent. Transformer taps being 
used for major rva.h. adjustments. No doubt when in- 
terconnections become more numerous and of greater 
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capacities, larger synchronous condensers will be in- 
stalled at various points, thus stabilizing operations. 

Boardman Substation is the central substation of 
The Pennsylvania-Ohio Power & Light Co. system. It 
is fed from the new super-power station at Toronto on 
the Ohio River by a 132-kv. double-cireuit line on steel 
towers, 40 mi. long, composed of 300,000 ¢.m. copper. 
It is also fed by a 66-kv. double circuit on steel towers, 
from Lowellville Power House, a distance of 7 mi. 

A double circuit on steel towers, connecting with 
Lowellville Power House, runs a distance of approxi- 
mately 20 mi., to Ellwood City, where it connects with 
a double circuit 66-kv. line from the Junction Park 
Substation of the Duquesne Light Co. This tie-in has 
an approximate capacity of 20,000 kv.a. At their Junc- 
tion Park Substation a 20,000-kv.a. bank of auto trans- 
formers is installed, stepping their voltage from 60,000 
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to 66,000 to correspond to the voltage at Ellwood City. 
Figure 5 shows interconnections already made or in 

the process of being constructed between electric sub- 

sidiaries of the American Water Works & Electric Co., 

Inc., and other companies. The numbers are the same 

as those on Fig. 5. 
The following are subsidiaries of American Water 

Works & Electric Co., Inc.: 

1. West Penn Power, interconnected with Ohio Power 
Co., Windsor, W. Va. 4 

2. Monongahela West Penn Public Service Co., inter- 
connected with Ohio Power Co., Proctor, W. Va. 

3. West Penn Power, interconnected with Duquesne 
Light Co., McKeesport, Pa. 

4. West Penn Power, interconnected with Duquesne 
Light Co., Springdale, Pa. 

5. Keystone Power Corp.:and West Penn Power Co., 
interconnected with Penn Public Service, Clarion, Pa. 

. Keystone Power Corp., interconnected with Penn 
Public Service, Warren, Pa. 


7. Keystone Power Corp., interconnected with Penn 


Central, State College, Pa. 
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INTERCONNECTIONS FOR THE WEST PENN,: KEY- 
STONE AND POTOMAC SYSTEMS 


FIG. 5. 


8. Potomac Edison Co., interconnected with Penn Cen- 
tral, Roxbury, Pa. 
New EnciuANp Power Co.’s SysTEM 


Interconnections made by the New England Power 
Co.’s system are summarized as follows: 

Approximate 

Connection To Capacity 

Edison Electric Illuminating Co. of Boston 18,000 kv.a. 


75,000 kv.a. 
Eastern Connecticut Power Co., Norwich, 
eRe OR Se ed i Oa: a rae 12,000 kv.a. 
Worcester Electric Light Co., Worcester. . 15,000 kv.a. 
Turners Falls Power & Electric Co., Turners 
UNS ES Rha SUSIE ET OSL seeks PERE 30,000 kv.a. 
Adirondack Power & Light Corp., Schenec- 
ae Te ren oe Wt ee ee Te «.. 35,000 kv.a. 
The ties made with steam systems were for the pur- 
pose of utilizing their spare steam capacity and’ dispos- 
ing of our surplus hydro power which might otherwise 
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have been wasted. Those made with hydro systems were 
more purely interconnections as thought of today, each 
supplying some standby to the other and utilizing any 
diversity of stream flow. ' 

The Edison Electric Illuminating Co. tie consists of 
a step-up of 11/22 kv. at the L. Street Station of that 
company, cable and overhead at 22 kv. to the suburbs 
of Boston and step-up 22/26 kv. to a single-circuit 66-kv. 
line connecting with the New England Power System at 
Clinton. The limitation of this connection is the trans- 
former and cable capacity. Due to the high reactance 
of the two banks of transformers and relatively light 
lines, separation sometimes occurs due to severe disturb- 
ances. Pull-out probably would occur at around 40,000 
kw. if not limited below this figure by relays. 

Voltage differences are offset by tap-shifting devices 
with which the transformers are equipped. These are 
adjusted seasonally to accommodate the prevailing flow 
of power. 

The Narragansett Electric Lighting Co. connection 
is at 22 kv. and 66 kv. The former served for a num- 
ber of years but was amplified with the growth of the 
station and the quantity purchased. The two connec- 
tions are used in parallel. The 22-kv. is stepped up at 
the South Street Station in Providence from an 11 kv. 
bus and fed by cable and overhead to the New England 
Power Co. at Pawtucket. The capacity of this connec- 
tion is in the neighborhood of 20,000 kv.a. The high 
tension link consists of a two-circuit tower line fed by 
a 70,000-kv.a. 11/16 kv. bank. 

Tap-shifting devices make the paralleling of the two 
connections possible and take care of reversal in the 
direction of power flow. 

The Eastern Connecticut Power Co. tie consists of 
a single 66-kv. line fed directly from the Montville Sta- 
tion below Norwich, Connecticut through an 11/66-kv. 
bank of transformers. This line serves the triple pur- 
pose of supplying customers of each company as well 
as interchange of power between the two. Service to 
all customers is backed from either end. 

The Worcester Electric Light Co. has been connected 
by several feeders and cables added from time to time 
to facilitate purchase or sale of power. 

The main trunk of the Turners Falls Power & Elec- 
trie Co. crosses two important lines of the New England 
Power Co., making a tie relatively inexpensive and by 
means of this tie large quantities of surplus have been 
disposed of through the New England Power System. 
As stated above, this also serves as a standby to both 
companies and an operator is stationed at this point to 
assist in the control of interchange. 

The Adirondack Power & Light Corporation is con- 
nected by means of a single-circuit 110-kv. line built 
between North Albany and Davis Bridge. It has served 
chiefly for the disposal of surplus power from the above 
company into the New England Power Company System 
and as a general standby for each of the companies. 
A connection has been easily justified by the inter- 
changes. While separations have occurred on this 50-mi. 
connecting line due to severe disturbances, reasonably 
dependable service has been had. Pull-out probably 
would occur at around 80,000 kw., but is limited as in 
other cases by relay to an amount considerably less than 
this. 

In order to effect the purchase of large quantities 
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of power over these rather light connections, usually 
unity power factor has been necessary and for that pur- 
pose, as well as for the proper delivery of the hydro- 
power, a large number of synchronous condensers have 
been installed. The present system set-up for a 200,- 
000-kw. load has approximately 60,000 kv.a. Surplus 
hydro power sold has also been at good power factor 
and has usually been possible due to the fact that steam 
systems taking the power had surplus kv.a. capacity in 
their steam stations. 


COMMONWEALTH EpISON Co. oF CHICAGO 


Complete data on the interconnections of the vari- 
ous Insull properties are not available at present. The 
Commonwealth Edison Co. is interconnected with the 
Public Service Co. of Northern Illinois and with the 
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Northern Indiana Gas & Electric Co. as shown on Fig. 6. 
A 182-kv. line connects the Waukegan plant of the 
Public Service Co. with the Northwest plant of the 


Commonwealth Edison Co. From 106th Street, Chi- 
cago, 132-kv. lines run to Joliet, connecting with the 
Public Service Co. there, and to Michigan City, con- 
necting with the Northern Indiana Gas & Electric Co., 
which is further interconnected at South Bend, Ind., 
with the American Gas and Electric Co.’s system. In 
the Chicago district, other 33-kv. and 12-kv. lines inter- 
connect various points as shown on Fig 6. 

Some discussion of the general scheme of intercon- 
nections between the systems of the Illinois Power and 
Light Corp., Midland Utilities Co., Middle West Utilities 
Co., and others has been given by Samuel Insull and 
William S. Monroe, as reported recently in these columns. 
The recent Power Survey of the N.E.L.A. on the North 
Central States also contains interesting data on the sub- 
ject. 

INTERCONNECTIONS IN MICHIGAN 

Heretofore the systems of the Michigan Public Serv- 
ice Company, Boyne City Electric Company, Elk Elec- 
tric Company and Grayling Electric Company have been 
operated as separate and independent units. 
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Realizing, however, the economies which could be 
effected through interconnection of the various systems 
and the advantages to the public of additional sources 
of supply, work was begun the middle of last summer 
on a new 33,000-v. 3-phase line to connect the system 
of the Michigan Public Service Co. at Gaylord with that 
of the Grayling Electric Co., about 20 mi. to the south. 
At the same time work was begun on a similar line 
extending from Pellston (which heretofore had formed 
the southwestern tip of the system of the Michigan 


Publie Service Co.) to Elk Rapids, a distance of about. 


79 mi., the purpose being to interconnect with this line 














ILLINOIS POWER AND LIGHT CORP. AND AFFILIATED 
COMPANIES 


FIG. 7. 


the systems of the Michigan Publie Service Co., Boyne 
City Electric Co. and Elk Electric Co. 

The new line referred to was completed and put 
into service February 15. Since that time the power 
stations at Elk Rapids, Boyne City, Pellston, Black 
River (near Cheboygan), Afton, Wolverine, Gaylord 
and Grayling have all been operated in parallel. 

Another plan determined upon is to interconnect 
the systems of the Michigan United Light & Power Co. 
and White River Power & Light Co., centering at Lud- 
ington and Whitehall, respectively, with the several 
other Fitkin utilities farther north, as referred to above. 

The line to make this final interconnection between 
all Fitkin utilities in Northern Michigan will be a 
33,000-v. 3-phase line, starting at Elk Rapids and end- 
ing at Ludington. It will be approximately 100 mi. in 
length. 

Figure 8 shows the systems of the Wisconsin Power 
& Light Co., the Wisconsin River Power Co. and the 
Southern Power Co. Unification under one management 
of the generating and transmission facilities of Missis- 
sippi River Power Co. and the plants and lines of the 
Union Electric Light and Power Co. and the other sub- 
sidiaries of The North American Co. in the St. Louis 
district creates an interconnected system with a total 
generating capacity of 393,050 kw. and serving a terri- 
tory extending from Burlington on the north to the 
Missouri lead belt on the south, a distance of 250 mi., 
embracing as its center the rapidly growing St. Louis 
industrial district, and serving 1,450,000 population. 
For 1925 the total electric output of this system aggre- 
gated 1,200,506,087 kw-hr. 

The system comprising the subsidiary companies of 
The North American Co. in Wisconsin and Michigan 
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now covers an area of over 7000 sq. mi. with a popula- 
tion of over 1,400,000 including the cities of Milwaukee, 
Racine, Kenosha, Appleton and surrounding industrial 
and agricultural districts. In addition a mining and 
wood working region is served in Michigan. . The pres- 
ent available generating capacity totals 277,375 kw. 
The completion of the high tension transmission line 
from Appleton, Wis., to Twin Falls, Mich., creates un- 
der one management a super-power system extending 
from the Wisconsin-Michigan State line through the 
Milwaukee industrial district to the Illinois-Wisconsin 
State line, a distance of over 225 mi. For 1923 the 
total electric output of this system amounted to 849,- 
064,272 kw-hr. 

The Cleveland Electric Illuminating Co. has just 
completed the construction of a high tension transmis- 
sion line encircling the city of Cleveland and forming 
the basis of a tie line from its present Lakeshore gen- 
erating plant on the shore of Lake Erie in the eastern 
part of the city, to its new generating plant now in the 
process of erection on the shore of Lake Erie at Avon, 
located about 20 mi. west of the westerly city limits of 
Cleveland. For 1925 the company’s electric output 
aggregated 989,409,700 kw-hr. 


SoME OF THE PROBLEMS OF INTERCONNECTION 


General consideration in the development of inter- 
connected systems in the West, set forth by A. H. 
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FIG. 8. TRANSMISSION LINES IN SOUTHERN AND CENTRAL 
WISCONSIN 


Markwart, of the Pacific Gas & Electric Co., should 
prove of interest to engineers in any section. 

On the Pacific Coast, says Mr. Markwart, all of the 
utility companies have proceeded independently as to 
the location of developments, types of systems and ap- 
paratus installed. This is because the requirements of 
the territory of the several utilities were such as to keep 
each company busily employed in answering the needs 
of its own market. With the growth of business cer- 
tain utilities grew in size and strength. Amalgamation 
was brought about and out of this came the questions 
of system interconnection. This developed within the 
systems of large utility companies as the various net- 
works of the sometime separate utilities were connected. 
Following this, system interconnection between the sep- 
arate utilities was a natural result, and what we have 
on the Pacific Coast today is system interconnection by 
means of connections of limited capacity, each of the 
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several interconnections being determined by economic 
factors alone. In other words the business to be handled 
through them was sufficient to warrant the investment 
by one or the other of the utilities doing business with 
each other. A fortunate thing on the Pacific Coast has 
been the fewness of the frequencies employed. Gener- 
ally speaking, there are only two frequencies, 50 and 
60-cyele, and the 60-cycle seems to be the frequency that 
will universally obtain. Eighty per cent of the Pacific 
Coast load is carried at 60-cycles, and 20 per cent, the 
load around Los Angeles, is 50-cycle. The total load in 
1923 for the three Pacific Coast states was something 
over 7,000,000,000 kw-hr. and about 1,300,000 kw. peak. 

In the West super-power as such has not been a defi- 
nite objective and does not really exist, but system inter- 
connection has come through a process of evolution. On 
the other hand, however, the East doubtless will go in 
for super-power as an objective, so the construction 
problems will be diverse. The plants obviously will 
have to be located at the source of water or a coal sup- 
ply, and the distribution zone will cover almost any 
section that may come within the limits of economic 
transmission. The question of frequencies will be one 
of the serious obstacles because of the many frequencies 
employed in the eastern states. Existing systems will 
have to be made ready for the reception of power at 
the transmission frequency by means of frequency- 
changing apparatus, or else all distribution systems will 
have to be reconstructed to the universal frequency 
adopted for transmission. Obviously this presents a 
large problem. 


OPERATION OF PaciFic Coast Systems 


As to operation the Pacific Coast situation is simple. 
Each great utility operates independently and the load 
dispatching is handled through a load dispatcher. Re- 
ception and dispatch of power from companies that are 
tied in is easily cared for. The operation may be said 
to be successful, the transmission voltage ranging from 
60,000 to 220,000. The operation of the power system 
of the Pacific Gas and Electric Company, which is the 
largest interconnected system in existence, is typical for 
the rest on the Pacific Coast. 

The 60-kv. lines have been in service the longest 
time and while flashovers occur, on the whole the 60-kv. 
service is highly reliable. 110-kv. lines have been in 
service for ten years and during this time trouble has 
been experienced from flashovers resulting from unde- 
termined causes. At critical sections greater insulation 
has been provided, and pending certain determination 
of cause, the lines are equipped with relays, sensitive 
to single-phase grounds, which immediately disconnects 
the cireuit involved in the flashover. As a rule the line 
is cleared quickly enough to prevent any serious dam- 
age and service is resumed immediately. Although 
220 kv. is in its infancy, experience gained during the 
several months of operation at this voltage of the Pit- 
Vaca-Dixon Tower Line, 202 mi. long, is favorable 
enough to hazard the statement that 220-kv. operation 
will not seriously increase the difficulties of long-distance 
transmission. 

The commercial problems which have arisen in the 
West are very simply and equitably handled. They 
become ordinary business deals covering the sale of 
Power by one company possessing a surplus to another 
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company in the need of such power, and the arrange- 
ments are those between a willing buyer and a willing 
seller. 

As to the legal phases, it would seem that in most 
eases there should be no insurmountable legal obstacles. 
Legal problems will not prevent these states, which have 
both developed and undeveloped supply of power and 
a growing demand, through their utility companies, 
from securing a large volume of interstate business 
when the active demand within their own territories 
ceases, 

As to the question of public relations where super- 
power is concerned, much might be said. The principal 
point involved is to sell the idea that super-power or 
system interconnection is a beneficial thing and that 
it has in it all the elements which are in the public 
interest. It is unfortunate that the name of ‘‘super- 
power’’ or ‘‘giant power’’ was chosen. To some these 
names have an alarming aspect in that they suggest 
extended and powerful monopoly. Already those inter- 
ested in state socialism have fastened upon super-power 
as a thing to guard against and that which justified 
state ownership of power supplies. The demagogues 
glibly say that the power trust is grabbing all the power 
and is going to put it in one controlled pool and that 
they admit it. What is thought to be power imperial- 
ism will be combated from several quarters, so after 
all, a little soft pedal will do no harm. 

The more nearly we can bring super-power to being 
a business governed by the common laws of trade, which 
every one understands and accepts, the better will be 
the public relations under a super-power plan. Super- 
power, system interconnection, regional supply, or what- 
ever one may dub it, is a thing to evolve rather than 
one to be suddenly created. 


Sulphating in Storage Batteries 


LEAD SULPHATE is practically an insulator. Some of 
this material is formed in all lead-sulphuric acid storage 
cells on discharge and is reconverted to lead oxide or lead 
peroxide on recharging the cell. If present in excessive 
quantities, the sulphate adheres to the plates, especially 
the positive, in white insoluble patches, preventing chem- 
ical action, increasing the resistance of the cell, and caus- 
ing unequal mechanical stresses that may buckle the plates. 
The most frequent causes of sulphating are over-discharg- 
ing, too high specific gravity of electrolyte, allowing the 
battery to stand for a considerable length of time in a dis- 
charged condition. In case the insoluble white sulphate 
appears on the plates, the battery should be given a long 
continued charge at somewhat below the normal eight-hour 
rate, until the cells give all of the signs of a full charge 
and the plates have resumed their normal color. In badly 
sulphated cells, the color of the positive becomes lighter 
than normal and the negatives considerably darker. 

At the end of a complete charge, the gassing some- 
times throws off small particles from the plates; these 
particles lodge on the top of the cell as a white powder 
that may be easily brushed off and that is not injurious 


- unless allowed to accumulate in too great quantities. 


Ir TAKES less time to prevent an accident than it 
does to report one. 
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Automatic Control in Main and Substations 


AvuToMATIC EquipMENT For INDUSTRIAL, RalLway, Epison, AnD A.C. DistrIBuTION SuBSTA- 
TIONS AS WELL AS Hypro-ELEctric PLAnts, INcREASES EcoNomMy WHEN PROPERLY APPLIED 


UTOMATIC control equipment, for various types of 

substations and for main stations such as hydro- 
electric plants, has so successfully met the tests of prac- 
tical operation during the past few years that there is 
now a feeling of perfect confidence that whenever a given 
problem is to be solved, some form of automatic equip- 
ment can be devised or adapted to perform the work. 

In consequence of this dependability, the problem in 
most cases resolves itself into a consideration of economic 
rather than engineering factors, to discover whether it 
will pay to perform the given work with automatic or 
manual control or a combination of the two. 

Control by automatic equipment should in most cases, 
therefore, be considered with an eye to many other things 
besides the engineering features. One item that often 
seems extremely important is the reduction in the num- 
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FIG. 1. AUTOMATIC SUBSTATION INSTALLED AT HEISLEY 


COAL CO. MINE CONTAINS A SYNCHRONOUS 
MOTOR-GENERATOR SET 


ber of men in a given plant that is brought about by the 
use of automatic controls. It is often found, however, 
that this is not the most important part of the saving 
that can be made. The switching of electrical machinery 
by automatic devices is much easier on the units; the 
operation of synchronizing, for example, is performed 
with a rapidity, and accuracy and an absence of harmful 
electrical effects that can scarcely, if ever, be duplicated 
by manual operation. Then, too, automatically con- 
trolled equipment can be fully equipped with protective 
devices to shut down the machines in case of over-heated 
bearings, over-heated winding, reverse phase and the 
like or in case of trouble on the lines. This protection 
not only is more effective than that provided by the in- 
spection of the most alert operator, but also enables the 
full capacity of the machines to be utilized without 
anxiety. 

Availability of automatically controlled equipment 
is also an important factor, since it can be put into 
service much more rapidly than by manual operation. 
Thus several factors influence the question of whether 
automatic control is economical or not, in a given case. 
Sometimes all of them will influence the decision, some- 
times only one or two. In the use of automatic equip- 
ment in mines, it has been found that the freedom from 
labor trouble, both direct and indirect, has been worth a 
great deal. 





The development of reclosing circuit breakers has 
been brought now to such a point that they are coming 
into use rapidly. Use of automatic synchronous con- 
densers, converters, motor-generator sets and phase mod- 
ifiers has simplified operation in industrial plants and 
in all types of power transmission work. 

Even in main stations of large size, which are to be 
operated manually, the possibilities for the use of auto- 
matic equipment as an aid to the operator are large. So 
many operations can be performed by control equipment, 
quicker, more accurately and with perfect safety, that 
the switchboard operator can be relieved of a multitude 
of details, thus increasing his efficiency in times of real 
emergencies. In fact, it is not unreasonable for many 
engineers to look forward to the time when nearly all 
electric operations will be performed automatically, 
workmen being employ ci only to see that the equipment 
is kept in condition to function. The engineering prob- 
lems can be solved and, as stated above, the considerations 
that determine the use of automatic equipment are 
usually economic ones. 

One of the best tests of the worth of an idea is the 
extent of its application and the number of installations 
of automatic equipment on this basis is of interest. Two 
manufacturers have furnished, up to the present time, 
3259 automatic equipment controls handling about 3,- 
000,000 kw. One company reports that these equipments 
are now being purchased at the average rate of two 
every three days. 


AUTOMATIC SUBSTATIONS FOR INDUSTRIAL AND MINE 
SERVICE 


In most cases, substations of this type are the simplest 
and the smallest in use today. For mine work, there is a 
decided advantage in locating the substation under 
ground since it will be closer to the load and this will 
save feeder copper and give better voltage regulation. 
Little is gained by automatic stopping and starting of 
this equipment for mine service. Since the substation is 
usually required for a definite length of time, starting is, 
therefore, usually accomplished by means of a pushbut- 


ton or by the closing of an oil circuit breaker. The clos- . 


ing of the pushbutton causes the synchronous motor to 
be connected to the a.c. line through an auto-transformer 
at reduced voltage. The motor generator set now comes 
up to speed until synchronous speed is reached. An indi- 
cation of synchronous speed ‘is obtained by the building 
up of the direct current voltage, since the field of the 
synchronous motor is directly connected to the terminals 
of a self-excited direct current generator, so, until syn- 
chronous speed is reached, the generator voltage is op- 
posed by an a.c. voltage induced in the field of the syn- 
chronous motor. 

As synchronous speed is reached the a.c. voltage is 
reduced and allows d.c. voltage to build up. After the 
d.c. voltage has built up to approximately normal voltage 
the transfer relay is energized, allowing the starting 
contact to fall open and the running contactor to close, 
which connects the motor directly to the a.c. line. A 
back contact on the running breaker causes the generator 
to be connected to the d.c. line through an automatic 
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service restoring contactor. This contactor can be ar- 
ranged to trip out on overloads or only on short circuits. 
If tripped out by either of these, it remains out until 
the resistance of the load circuit has increased to a value 
which will prevent the generator from being overloaded 
should the contactor close. 

All sets are equipped with the usual protective de- 
vices of a manually-operated station and in addition in- 
elude protection against irregularity in operation such 
as overload, hot bearing, low voltage, underspeed, phase 
failure, and field failure of either motor or generator. 
In case of any trouble which cannot be automatically 
cleared such as overheated bearings, the unit is shut 
down through a lock-out relay. This relay prevents re- 
starting until the trouble has been corrected by an at- 
tendant and the relay reset by hand. 

Although many of the machines installed are in two- 
unit stations, the trend seems to be away from the double 
unit arrangement. In general, the saving in attendance 
charges alone does not justify the installation of auto- 
matic equipment in a multiple unit station, although its 
use may be justified by the better operating conditions. 

Figure 1 shows the automatic substation, the Heisley 
Coal Co., containing a 2300-v., 300-kw. synchronous 
motor-generator set. On the right hand panel is mounted 
the equipment for a 1500-amp. stub-multiple, d.c. reclos- 
ing feeder. This reclosing feeder equipment is now being 
used in most fully automatic substations and will be 
discussed in more detail later. 
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FIG. 2, JOHNSON FALLS HYDRO PLANT HAS TWO 2200-Kw. 
UNITS OPERATED ENTIRELY BY AUTOMATIC CONTROL 


The problem of power-factor correction is extremely 
important on any electrical system. It is now possible 
to equip motor-generator substations with a power-fac- 
tor regulator to improve the system power factor. Syn- 
chronous converters are designed to be operated at unity 
power factor and are not suitable for power factor cor- 
rection. It is customary to set the field on these machines 
for unity power factor at about 75 per cent load. 

In most industrial plants, the load increases so rapidly 
that the method of starting on load demand does not 
always get the unit on the line quickly enough to be of 
assistance. It is considered better, therefore, to start 
such substations with a remote control switch, far enough 
in advance so that it may be ready when the demand 
comes. 
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AUTOMATIC RAILWAY SUBSTATION 

Railway systems may roughly be divided into three 
classes, namely, small cities and interurban system, 
metropolitan and suburban system and heavy traction 
or electrification of steam railroad lines. 

In the small city and interurban system every effort 
is made to keep the first cost of the equipment at a min- 
imum. In order to do this semi-outdoor stations are 
common. 

The outdoor equipment usually consists of lightning 
arresters, air gap switches, fuses and three phase, high 
reactance transformer. This considerably reduces the 
size of building required as the building then only has 
to house the switching equipment and converters. 

Small capacity high speed compound wound 600-v. 
direct current converters equipped with high reluctance 
commutating poles are the most economical units to use. 
The converters are connected to the d.c. bus through 
three steps of load limiting resistance whose function 
it is to keep the converters from becoming seriously over- 
loaded. This is accomplished by arranging the resistance 
shunting contactors to open on overload around 200 per 
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FIG. 3. AUTOMATIC SWITCHBOARD AT JOHNSON FALLS, 
SHOWING RELAYS AND AUTOMATIC SYNCHRONIZERS 


cent, thereby decreasing the voltage at the station bus 
and shifting the greater part of the overload to adjacent 
stations. 

The automatic service restoring short circuit detector 
type feeder equipment is used most frequently, as this 
type of feeder is capable of differentiating between short 
circuit and overload, tripping the feeder breaker only 
in case of short circuits. When the feeder breaker is 
opened on short circuit it is held open by the service 
restoring feature until the resistance of the load circuit 
has increased to a value which will prevent seriously 
overloading the converter should the feeder breaker be 
closed. 

METROPOLITAN AND Heavy SUBURBAN SYSTEM 

The superior ability of automatic equipment to sup- 
ply a continuous source of direct current power makes 
it most desirable for supplying metropolitan and subur- 
ban systems. It is impossible for an operator to .antic- 
ipate trouble, for abnormal conditions develop so rapidly 
that damage to the equipment results before the operator 
has an opportunity to realize what has happened. Auto- 
matic equipment is always on the job and clears the 
equipment before damage is done. 

For supplying power to the congested areas of metro- 
politan railway systems, the practice differs somewhat 
in the type of building and characteristics of the con- 
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verters. The building restrictions usually require a more 
expensive structure and require all apparatus to be 
placed indoors. High tension circuit breakers are usually 
justified due to the larger capacity of the unit. 

There is a decided advantage in using shunt wound 
converters on systems of this kind, where the resistance 
between stations is very low. The shunt wound machines 
are used in connection with normal reactance trans- 
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plished by the opening of the high speed breaker which 
limits the current to within the commutating capacity of 
the machine. Thus, the short circuit current is first 
rapidly reduced to a comparatively small value and the 
trouble finally cleared by the opening of the feeder con- 
tactor. As soon as the feeder breaker opens the high 
speed breaker will automatically reclose and restore full 
bus potential. 














FIG. 4. RELAYS AND THE CIRCUITS THEY CONTROL FORM THE BRAIN AND NERVES OF THE AUTOMATIC STATION 


A—Under current relay with weight box, circuit opening and 
circuit closing contacts. B—Bearing thermostat. C—Thermal 
time relay for the protection of generator windings against ex- 


formers to give a regulation of approximately 6 per 


eent. This drooping characteristic has a tendency to 
equalize the load between the various units connected 
through a d.c. network, reducing the possibility of any 
one machine becoming severely overloaded. In: other 
words, the drooping characteristic inherently produces 
the same result as is ordinarily obtained by the use of 
eurrent limiting resistors. Therefore, when a shunt 
machine is used, there is a saving in the amount of re- 
sistors necessary in the machine circuit and also in mul- 
tiple unit station there is an additional saving due to the 
absence of equalizer contactors which also greatly simpli- 
fies the switching equipment. Only one set of load limit- 
ing resistors is then necessary and this is shunted by a 
_ high speed breaker, which is connected with the auto- 
matic service restoring, short circuit detector type of 
feeder equipment, protecting the machine under ex- 
cessive short circuit and at the same time clearing the 
machine from the short circuited section. This is accom- 


cessive temperatures. D—Visual type Control Desk and Relay 
Cabinet. E—Audible type Dispatchers control cabinet used in 
connection with small installations. 


Greater system flexibility and operating economy is 
obtained by super-imposing a system of remote metering 
and supervisory control on the automatic stations. A 
centrally located system dispatcher is then at all times 
informed of the complete operating condition of the 
system. He is able at all times to start, stop or lock-out 
any unit on the system. He is at all times informed as to 
the total system load or the load on any section or in 
regard to any trouble in any section of the system that 
may affect its operation. 

In the arrangement of substations each serving its 
own section in an industrial plant, no form of load shift- 
ing control will be of use, since tie lines are of only small 
capacity. 

The converter with its transformer is the most effi- 
cient form of conversion apparatus for 250-v. service. 
With a given alternating-current voltage, the direct-cur- 
rent voltage of the simple converter is fixed within nar- 
row limits (5 per cent plus or minus). On this account, 
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its use must be limited to stations where not only nearly 
constant potential -is held on the alternating-current sys- 
tem but also where the feeder runs are short so that 
constant direct-current potential can be held at the dis- 
tribution point with a very small increase in the station 
bus potential. 

For a voltage range not exceeding plus or minus 15 
per cent, the synchronous booster direct connected to the 
converter shaft is the accepted best method, even though 
it involves certain minor complications in the converter 
itself. A larger voltage range can be obtained with the 
converter by the use of regulating transformers, or tap- 
changing devices on the transformers. 

Some companies are making provision to limit the 
amount of reverse current by automatic devices which 
insert a block of resistance in series with the direct-cur- 
rent circuit on the indication of reverse current. This 
resistance is automatically cut out on the restoration of 
normal conditions. 

The synchronous converter has a narrow range of 
voltage control depending upon the type of machine 
selected and consequently it cannot limit the current 
without external means. Where load limiting must be 
provided for a converter, it is usually necessary to sup- 
ply external resistance which can be cut out in one or 
more steps, as local conditions may require. 


ControL oF MuLTIPLE TRANSFORMER BANKS 


Where three 3-phase banks of transformers are in- 
stalled in one station, a scheme of operation is in use 
whereby a load increasing beyond the capacity of the 
first transformer bank automatically brings the second 
bank into service, and if the load increases beyond the 
capacity of these two banks, the third is placed in 
service. 

If, for any reason, the second bank does not come 
into operation when called for, due to trouble or to the 
operation of the differential relays, the third bank will 
take its place in the sequence of operation. 

On large power transmission systems, automatic con- 
trol of substations is not extensive. A recent installation 
of a 10,000-kv.a. automatic phase modifier is of interest. 
This is used on an 11-kv. line of the Northwestern Elec- 
tric Co., Portland, Ore., to relieve the generators of re- 
active component load and regulate the voltage. The 
unit is built and controlled to run both leading and lag- 
ging. A load-limiting device, together with the usual 
protective devices, is provided. The station has been in 
satisfactory operation since June, 1925, the only at- 
tendance being the semi-weekly inspections. 


AUTOMATIC CONTROL FOR HypRO-ELECTRIC PLANTS 


In the operation of hydro-electric plants by automatic 
control the first item of importance along this line is, 
of course, the consideration of whether the development 
of a possible water power would prove profitable by the 
automatic operation of a station where it could not if 
Station attendants had to be employed. At first glance 
it would seem that the item of saving of operators’ wages 
would be the determining factor. The handling of the 
equipment by automatic means makes the equipment 
available quickly. It also insures that it will be on the 
line and picking up load without the indeterminate de- 
lay of manual synchronizing by an operator. It means 
that the equipment can be pushed up to its safe load 
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limit without real danger of burning it out by a too 
high temperature of the windings; that it is protected 
against injuries that might otherwise result from a run- 
away or hot bearings. 

More detailed discussion of the operation of the auto- 
matie synchronizing equipment may be found in an 
article entitled ‘‘ Automatic Hydro Plants of the Detroit 
Edison Co.,’’ in the March 15 issue of Power Plant En- 
gineering. Figures 2 and 3 show the Johnson Falls plant 
of the Wisconsin Public Service Co., which contains two 
2200-kv.a. generating units operating at a head of 42 
ft. and with complete automatic control. The switch- 
board at Johnson Falls plant is shown in Figure 3, the 
two large square cases on the end panels being the speed 
matching devices with their automatic synchronizers 
above them. At this plant, a reduction in operating costs 
of 50 per cent over manual operation has been effected. 


SUPERVISORY SYSTEMS 


When automatic switching equipment is employed in 
place of manually operated equipment to furnish better 
service. or to secure greater economy, the absence of an 
operator prevents the dispatcher from making use of the 
telephone for issuing orders as to the operation of the 
circuits and for receiving information as to their con- 
dition. This circumstance as much as any other has 
created a demand for an equipment which will auto- 
matically give the load dispatcher visual indication of 
the condition of his power equipment. At the same time 
it must provide him with a means of controlling this 
power apparatus. An equipment which provides these 
requirements is called a supervisory system. 

Distributor Supervisory System: This system is ap- 
plied to the supervision of stations which contain a large 
number of power units located at considerable distances 
from the dispatcher’s office. Four line wires are required 
between stations for controlling and indicating units of 
50 oil circuit breakers or less. 

Cable Supervisory System: This system finds its ap- 
plication where the distance between stations is short 
and where it is practical to install multiple-conductor 
lead-covered cable between the dispatcher’s office and 
the substation. 

Selector Supervisory System: This system is de- 
signed to supervise a few units in each of a number of 
outlying stations. It will operate over three wires, run- 
ning continuously from the dispatcher’s office through all 
outlying stations. 

Carrier-Current Selector Supervisory System: This 
system may be applied where the expense of installing 
three line wires between stations is prohibitive, or where 
open wire construction would parallel the high-tension 
transmission system. Supervision may be accomplished 
over a single circuit, an existing open wire telephone 
circuit, and in many cases over the transmission system 
itself. 

Figure 4E shows a dial telephone system as used to 
control a small automatic hydro plant, and Figure 4D, 
an operator’s control board and relay cabinet for a 
supervisory system. 


THE CHAP who pays no attention to a sign reading 
**Look Out’’-may find himself under one that says ‘‘ At 
Rest,’’ warns C. Howard Stewart of the National Safety 
Council. 
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Busch-Sulzer Completes Diesel Test 


ReEsuuts oF 30-Day.SHop Test Upon First ENGINE 
COMPLETED BY THIS COMPANY FOR SHIPPING BOARD 


OR THE PAST several weeks, engineers throughout 

the country have been closely following progress of 
the shop tests of Diesel engines being built by various 
manufacturers, for the United States Shipping Board. 
On April 17, Busch-Sulzer Bros.-Diesel Engine Co. com- 
pleted a 30-day continuous test of the first engine, which 
they are building under this contract, with the results 
tabulated below. Tests were carried out in the presence 
of Shipping Board representatives, the power output of 





Thermal efficiency-brake 
Average lubr. oil all purposes gal. per 24 hr...21.7 gal. 
Twelve days’ fuel consumption averaged less than .41 
lb. per b.hp-hr. and on the 15th day of the 30-day run, 
the average fuel per b.hp. was .4068 lb. when using navy 
standard fuel oil. 
These engines are of the two-cycle, single-acting, 
port scavenging, air injection type with 6 working cylin- 
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AS THE BUSCH-SULZER ENGINE APPEARED DURING THE TEST. THE CROSS-SECTIONAL DRAWING SHOWS THE GENERAL 
ARRANGEMENT OF THE POWER CYLINDERS 


the engineers being measured with a Heenan & Froude 
hydraulic dynamometer, of 9000 b.hp. capacity, which 
had been calibrated previously in the presence of rep- 
resentatives of the three concerns interested. 


Summary oF Resutts or 30-Day TEsT 


March 18th, 1926, to April 17th, 1926. 
Average brake horsepower 3011.85 b.hp. 
Average revolutions per min 
Average mean indicated pressure 

82.44 lb. per sq. in. m.i.p. 
Average mechanical efficiency 
Total fuel consumed tons (2240 lb.) per 24 hr 


‘Fuel consumption per i-hp.-hr............... 3041 Ib. 
Fuel consumption per b.hp.-hr.............. 4133 Ib. 
Average heat value of fuel oil 18,850 B.t.u. per Ib. 


ders 30 in. in diameter by 52 in. stroke and for marine 
types are rated as 3000 b.hp. at 90 r.p.m. The crank 
case is of box frame enclosed type with girder construc- 
tion to give the required strength without the use of tie 
bolts. It also carries the crosshead guides which have 
equal bearing areas on both sides. Pistons are water 
cooled through telescopic tubes with long overlap to 
prevent leakage of water into the crankcase. Cylinder 
jackets and cylinder heads are also water cooled. 

Cylinder heads are of extremely simple construction 
being symmetrical through any section and capable of 
withstanding expansion stresses due to high tempera- 
ture. There is but one central opening through the head 
into which is fitted the cage carrying fuel and air start- 
ing valves. While marine engines have air starting pro- 
vided on all cylinders it is customary to equip only half 
the cylinders with starting air for generator drive. 
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Scavenging air at about 2 lb. pressure for blow- 
ing the burnt gases out of the working cylinders, 
through ports provided for that purpose is furnished by 
a tandem double acting scavenging pump directly driven 
from the crankshaft. A three-stage air compressor 
which is also directly driven from the crankshaft fur- 
nishes high pressure air for breaking up the fuel and 
blowing it into the working cylinders. Air coolers of the 
tubular type are provided and mounted vertically of 


. sufficient capacity to reduce the air temperature after 


each stage to about that of atmospheric. 

Fuel pumps which may be seen at the flywheel end of 
the crankcase are of constant stroke type with controlled 
seating of the suction valves. On marine engines speed 
is controlled by the operator from a stand in front of 
the engine while an overspeed governor, which makes 
the pumps inoperative, prevents the speed from exceed- 
ing a pre-determined maximum. With constant speed 
engines for stationary service a governor is provided to 
control the fuel pump and maintain normal speed under 
all load conditions. 

Positive pressure lubrication for main, crankpin and 
crosshead pin bearings is employed. A geared rotary 
pump supplies oil at about 10 lb. pressure to the main 
and crankpin bearings while a plunger pump provides oil 
to the crosshead pin bearings. This pressure system not 
only lubricates the bearings but continually flushes and 
cools them. After the oil is forced through the bearings 
it collects in the bedplate from which it flows to a rest, or 
sump, tank of large capacity where it releases the en- 
trained air, and foreign matter. The directly driven 
pumps draw oil from this tank through a twin filter 
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before forcing it through a cooler into the headers which 
branch to all the bearings. Cylinder lubrication is pro- 
vided by multi-feed lubricators at 8 points per cylinder 
—the oil being timed for delivery against the piston 
rings when the piston is at the bottom of its travel. 


This engine was repeatedly reversed from full speed 
ahead to full speed astern within 10 seconds. From the 
control station in front of the engine, at floor level, the 
operator of a mine engine can start the engine in either 
direction and control its speed from normal to about 25 
per cent of normal. For stationary service the engine is 
started from the upper platform by admission of start- 
ing air to half the number of cylinders. As soon as it 
is turning over fuel is admitted to the remaining half 
cylinders, following which, the starting air is thrown off 
and fuel thrown on the first half. The engine quickly 
comes up to normal speed and under the control of the 
governor. It is then ready to take on any load within 
its capacity without warming up. : 

There is a noticeable absence of push rods and com- 
plicated valve gear. With the camshaft located imme- 
diately in front of the cylinder heads the lever arm for 
operating the fuel valve is actuated directly from the 
camshaft. Being a two-cycle engine with port scaveng- 
ing there are no admission or exhaust valves in the cylin- 
der head. 

Engines of this type are built in capacities up to 
5000 b.hp. per unit and are suitable for either marine 
or stationary service. When used for generator drive 
the engine tested is rated at 3750 b.hp. or, at usual gen- 
erator efficiencies, 2600 kw. 


Natural Steam for Developing Electricity 


Sonoma’s Famep Grysers ARE BEING DRILLED TO FurRNISH STEAM 


ARNESSING Dame Nature to a turbo-generator 
—trapping the force of natural steam inside the 
globe of an electric light—this is the problem that has 
been undertaken by a coterie of engineers at the site of 
California’s greatest pressure tank—the Healdsburg 
geysers in Sonoma County. 

After several years of promising but unproductive 
development work by the local land owners, big busi- 
ness has stepped in, bringing with it the best engineer- 
ing and scientific brains in the state. 

Discovered in 1847 by B. Elliott, a hunter, the 
geysers have for years been a tourist attraction and 
a resort feature. Mr. Elliott was awe-struck at the 
sight of such a phenomenon and ran back and told 
the other hunters that he had found the gates to the 
infernal regions. It remained for John Grant of Healds- 
burg, the present owner, to see in the bottled steam con- 
siderable power potentialities and to visualize the 
amount of electrical energy available, if this steam was 
controlled and put to work. 

Accordingly, Grant gathered a group of men who 
saw the thing as he did and the services of J. D. Gal- 
loway, a prominent San Francisco engineer, were 
obtained. To date seven wells have been drilled and 
work is now progressing on the eighth well. 

Development of steam at high pressures from the 
ground by wells has been an unqualified success and the 
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extent of the territory gives promise of a large exten- 
sion. The permanence of the steam supply may be 
questioned but the origin seems to indicate a long life to 
the project. The marketing of the energy is not diffi- 
cult, and at the present time it appears that a power 
plant will be installed in the near future. 

A geologist was employed to examine the geysers and 
determine the source of the natural steam that is now 
being harnessed. The report points directly to the con- 





- clusion that the steam of the geysers is inexhaustible 


because it comes directly from the great magma, or 
molten fluid mass of inconceivably hot rock, which is 
the center of the earth. 

Until this investigation, scientists had assumed that 
surface water seeping down to the hot rocks produced 
the steam that rises from the ground in this valley, 
known as Sulphur Valley. If that were so, the supply 
of steam would depend upon the constancy of seepage 
from the surface but the geologist who made the exam- 
ination of the geysers believes that the earth’s molten 
center has its own inexhaustible water supply, mixed in 
enormous quantities with the molten rock. 

In testing the quantity of steam coming from the 
various wells an unique system has been employed. This 
is done by clamping steel dises #, in. thick (with cir- 
cular openings of different diameters) between flanges 
of the well casing and allowing the steam to escape until 
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FIG. 1. WELL NO, 1 SHOWS CLEAR 
DRY STEAM 3 DAYS AFTER OPEN- 
ING. FIG. 2. STEAM ESCAPES FROM 
NATURAL VENTS IN THE REGION 
WHERE WELLS ARE BEING DRILLED. 
FIG. 3. AS CLOSE UP AS ONE CARES 
TO GO TO NO. 4 WELL, EAR DRUMS 
MUST BE STOPPED WITH COTTON 
BECAUSE OF THE ROAR OF THE 
STEAM. FIG. 4, STEAM IS CARRIED 
BY THE SERVICE LINE TO OPER- 
ATE DRILLING ENGINES FOR NEW 
WELLS. FIG. 5. OUTFLOW FROM 
SEVERAL WELLS IS HERE SEEN. 
FIG. 6. STEAM SHOOTS HIGH IN 
THE AIR UNDER 250 LB. PRES- 
SURE. FIG. 7. DRILLING AT NO. 8 
SHOWS THE METHOD USED. 




































such time as the pressure becomes constant for each 
dise. The opening in the dise is grounded to a knife 
edge from which the diameter is measured. Pressures 
are read by calibrated test gages in a pipe tapped into 
the well casing a few feet below the orifice and the 
quantity of the steam flowing determined by Napier’s 
formula. The test for the quantity of steam is made 


with dise openings of different diameters and, with re- 
sulting different pressure, gives a series of data for 
each well that may be plotted as a curve. In making 
the tests it was endeavored to have the measurements 
taken after the well had been discharging for some time 
under pressures that would approximate those of an 
operating steam plant. 
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Considerable difference in quantity and: pressure of 
steam is found in different wells. Wells Nos. 1 and 2, 
which are some distance from and not so deep as the 
others, stand at 62 lb. gage pressure when closed. They 
are close together and undoubtedly connected. For 
over 3 yr. the first two wells have given off enough steam 
to generate approximately 500 hp., without the slightest 
variation in pressure. With the report of the geologist 
and the tests that have been carried out as to quantity 
of steam escaping from the various wells, the engineers 
have reason to believe that the entire valley, consisting 
of 2400 acres can be pitted with steam wells, each yield- 
ing an equal or greater amount of dependable power. 
Already the operations carried on at the geysers have 
transformed this weird foothill valley into a roaring 
cauldron. Instead of the hissing steam that escaped 
from small natural vents in the ground a great roaring 
and vibration now fill the air, so that the noise can be 
heard for 4 miles. 

The highest static pressure yet reached in any of the 
wells that have been completed is in well No. 5 with 276 
Ib. It is thought that the static pressure of this well 
and No. 7 will reach 300 lb. These wells, also Nos. 4 
and 5 have casings 8 in. in diameter and are drilled to 
a depth of from 400 to 500 ft., while wells Nos. 1 and 2 
have casings of 8 in. in diameter and were drilled only 
to a depth of about 200 ft. 

All wells are dug by means of steam engines operated 
by steam obtained from the first well drilled. Wells 
Nos. 1, 2 and 3 were drilled by an ordinary churn drill 
while a rotary drill rig with a special arrangement for 
controlling the steam pressure by circulating water was 
used in drilling Nos. 4, 5, 6 and 7. Steam is reduced 
to 40 lb. pressure for operating the engines used in 
drilling the wells. 

In drilling the wells a well derrick about 60 ft. in 
height is erected over the spot and methods similar to 
drilling for gas or oil are used. An open hole is first 
drilled through the overburden and into rock as far as 
possible. A 10-in. wrought steel casing (this was the 
size pipe used in wells Nos. 4, 5, 6 and 7) is set into this 
hole and the space between the walls of the hole and 
the easing filled with Portland cement grout, which is 
allowed to set and then the hole is drilled deeper into 
the rock until the flow of steam is good, when an inside 
8-in. wrought steel casing is inserted and the space be- 
tween the two casings is filled with cement grout which 
is allowed to set. After this the well is drilled as an 
open hole, deeper into the ground, being cased to a 
depth of only about 200 ft. 

In drilling the wells, a stream of cold water is sent 
down inside the drill stem at a pressure of 250 lb. to 
the sq. in., which keeps the tools cool enough to work 
and also condenses the incoming steam. This water 
rises to the top of the well outside the drill stem and 
flows off through a side vent. The drillers can tell when 
they have drilled to the depth required to bring the well 
in by closely watching the water sent down the casing. 
They know that the proper depth has been reached when 
this water comes back heated to near the boiling point. 

When the proper depth has been reached, all open- 
ings in the well are closed and the drill removed. Every 
one connected with the work goes back a safe distance 
from the well with the exception of one man who enters 
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a house built. about 50 ft. from the well and designed to 
protect him from the.steam, hot water, ete. By means 
of a long rod extending from this house to the valve at 
the top of the well casing, this man is able to open the 
valve, when immediately the hot water is blown from 
the well by the geyser effect, with spectacular results, 
the steam clouds rising into the sky and producing an 
effect similar to the eruption of a voleano. When the 
valve is fully opened the steam clouds often rise to a 
height of 500 ft. or more. 

Well No. 8 is now being drilled. This is much 
larger than any of the previous wells drilled, a 15-in. 
outside casing and a 12-in. inside casing being used. 


A test has been made of the outflow which shows 
that over 99 per cent is pure steam. For the purpose of 
determining the effect of the small per cent of non- 
condensible gases on various metals, various kinds of 
metals have been put in the path of the steam from one 
of the wells. This test is being conducted for the pur- 
pose of determining the best kind of metal from which 
to construct the turbine blades. Some of the metals are 
attacked by the gases and some are not affected. These 
test metals are supplied by the General Electric Co. 
some of them being secret alloys. The engineers seem 
to think that there is no doubt but that the problem pre- 
sented by the non-condensible. gases can be solved. A 
small turbo-generator set containing blades of different 
metals has been operated on natural steam from one of 
the wells with no corrosion on some of them. The 
engines used in drilling the wells have been operated 
on steam from the wells with no trace of corrosion. 
These tests indicate that a metal for turbine blades can 
be made which the gases will not attack. 

The small turbo-generator in operation at the geysers 
supplies electric current for lighting the grounds and 
the buildings at the geysers and can be left running for 
days without requiring attention. Neither is there the 
slightest diminution in volume or current curves. 


Steam from the wells has a general temperature cor- 
responding to the pressure with some indications of 
superheat. After wells are opened for a while and 
then closed, the pressure rises rapidly. Well No. 6 
opened for several weeks and discharging at about 250 
lb. pressure ran up to 270 lb. pressure in 50 min. after 
being closed.. After a well has been open for some time, 
however, it takes several days to build up to the highest 
pressure recorded. 

At only one other spot on the globe has power been 
developed from natural steam. This is in an isolated 
district of Italy, north of Rome, where steam wells have 
been sunk in an extinct voleano bed. But the Roman 
wells give off steam so thick with non-condensible gases 
and harmful acids that it cannot be used directly in an 
engine without destroying the metal, while at the 
Healdsburg geysers there is only 34 of 1 per cent of 
non-condensible gases. It can and is used directly in a 
turbine without harming the metal. 


Present scientific and thorough promotion work at 
the geysers, under the direction of the best engineers 
brings victory near after a long and picturesque fight 
for the development of this strangest of California’s 
natural resources by John Grant, native of Healdsburg 
and owner of most of the land in the valley. 
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McIntosh & Seymour Builds 
2700-Hp. Diesels for U.S. Ships 


ECENTLY a successful 30-day, non-stop test was 

completed on the first of a group of large Diesel 
engines being constructed for the United States Ship- 
ping Board by the McIntosh & Seymour Corp. at Au- 
burn, N. Y. 

This company was awarded a large part of the Gov- 
ernment’s contract for converting 14 vessels of the 
Emergency Fleet which, due to the meager profits real- 
ized from operating these craft as steam turbine-geared 
cargo vessels, have been lying inactive since the close of 
the War. In the accompanying illustration, to the right, 
an engine of this type is shown on the test block. In 
the foreground is the water brake for determining the 
brake horsepower. To the left is another engine of this 
type nearing completion. 


MCINTOSH & SEYMOUR DIESEL ENGINE BEING TESTED FOR 
SHIPPING BOARD 


This engine is a single acting air injection, four- 
eycle, six-cylinder, full Diesel type developing 2700 nom- 
inal horsepower at the shaft when turning at 95 r.p.m., 
and has a cylinder bore of 32 in. with a 60-in. stroke. 
This big engine, which was under full load during the 
30-day run, was then overloaded 10 per cent and run at 
the same speed for 6 hr. and it was found that 2970 br. 
hp. was developed. An additional 5 per cent load was 
then put on and the speed increased 100 r.p.m. for a 
4-hr. run and the developed power showed 3100 br. hp. 
The load was then lightened to three-quarters and the 
engine run for 6 hr. at a reduced speed and 2025 br. hp. 
was obtained. Subsequent runs of 4 hr. and 2 hr. each 
were made with the load at one-half and one-quarter 
respectively and with correspondingly lower speeds. 

An auxiliary compressor engine developing 400 br. 
hp. and driving three air compressors mounted integral 
on the frame in line with the four power cylinders and 
a 75-kw. generator, supplied the starting and injection 
air for the larger unit and was subjected to the same 
observation during the long test. 

Among other records kept during the endurance run 
was, of course, the regular measurement of fuel. Result- 
‘ing figures showed that the fuel consumption was about 
121% t. per 24 hr. for the main engine as well as its com- 
pressor unit. The amount of circulating water required 
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was a little over 10,000 per hr. at 35 deg. irrespective 
of that used in the water brake, and this figure was con- 
sidered acceptable by both the engine builders and the 
government officials. 

After the various load tests were made the engine 
was put on a reversing run for one hour with the speed 
maintained at 95 r.p.m. A slow speed test at no load 
was then conducted and a throttled speed of 40 r.p.m. 
was reached. Immediately afterwards a series of 
maneuvering runs began and with the pressure in each 
of the two 267 cu. ft. air receivers at 345 lb., 25 full 
starts were taken with the air pressure in each dropping 
to only 84 lb. at the finish. Complete reversal tests were 
then made, and it was found that the engine could be 
reversed from ahead to astern in just 6 sec. 

The maneuvering gear, the latest development of its 
type, is composed of two pairs of parallel cylinders— 
two for coil cushioning and two for air. By means of 
incoming air these regulate the movement of their re- 
spective pistons which, in turn, move the maneuvering 
gear either in ahead or astern direction. This action 
raises push rods off the cams and the cam shaft moves 
along, bringing other sets of cams under the push rods 
until it finally lowers the rod rollers on to the cams and 
the engine is ready to start in the opposite direction. 

Pistons of this engine are water-cooled throughout 
and lubrication of all engine parts is accomplished by 
forced feed pressure. 

This engine, with its compressor and two generator 
units, will be installed in the 8800-t. freighter ‘‘ West 
Honaker’’ of the Emergency Fleet and immediately will 
be put into foreign freight service. 

Contrary to expectations the air compressor has 
caused but little trouble. So far only two valves have 
broken and no carbon exists, due to our following the 
builder’s instructions as to the amount of oil to be fed 
the compressor. 

Duties in a Diesel plant are not as numerous as those 
of a steam plant but require a greater amount of care 
and judgment on the part of the men. Only a high- 
grade steam engineer will ever make a good oil engine 
operator. Operating engineers should study the oil 
engine; it is by no means mysterious—but a man needs 
more than a license to run one. He needs good judg- 
ment and a mechanical sense of values—but doesn’t a 
steam engine deserve the same? 


Bill Recommends Lease of Muscle Shoals 

Leasine of the Muscle Shoals property to a group 
of southern power utility companies under the names 
of the Muscle Shoals Fertilizer Co. and the Muscle 
Shoals Power Distribution Co. has been recommended 
by the special joint congressional committee and a bill 
authorizing this lease has been introduced in both houses 
of Congress. The majority members of the committee 
stated as the advantages of the bid that it would mean 
a return to the United States in the 50-yr. lease period 
of $136,300,000 for Dam No. 2 alone and $181,348,000 
for Dams Nos. 2 and 3 together. 

‘‘In addition to insuring an economic program of 
nitrate and fertilizer production, the bid provides the 
largest returns to the United States of any of the bids 
considered,’’ Senator Deneen said. . 

‘*National defense is adequately served by this 
offer.’’ 
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Rapid Development shown in Central Heating 


Heatina SuppLiep FROM BLocK ANp District Puants Is 
Meetine Favor In Business AND INpDUsTRIAL DisTRICTS 


N ST. LOUIS, Boston, Pittsburgh, Cleveland, Roches- 

ter, Detroit, New York, Kansas City and many other 

prominent cities of the country remarkable growth has 
taken place in the central heating industry. 

This revival of interest in central heating is all the 
more noteworthy when it is considered that only 5 or 6 yr. 
ago this system of heating seemed destined to be abandoned 
as an unprofitable business. Conditions, however, have 
changed. The earlier systems were started to be operated 
as by-products of the electric systems using exhaust steam 
from the generating units, as is dong in industrial plants. 
Experience showed that the load curve on the heating sys- 
tem and that on the electric lines did not parallel each 
other and, to serve the heating customers, live steam was, 
at times, required in the mains while during the peak on 
the electric system, exhaust steam was thrown to waste. 
The rates charged, however, were based on the use of 
exhaust steam and, for the most part, on the square feet 
of radiating surface per season. This service proved pop- 
ular with the customers and utilities found their heating 
loads out of proportion to their electric loads and the rates 
were likewise out of accord with the cost of furnishing 
the service. This undesirable result caused the abandon- 
ment of a number of systems. With the inauguration of 


the State Public Utilities Commissions most of the rate. 


troubles have been eliminated. 

Other district heating systems have been discontinued 
due to the installation of high tension transmission lines 
and the converting of steam generating stations into 
electric substations. Under such circumstances, some 
heating engineers believe the solution of the problem is 
to operate the plant so as to give sufficent exhaust steam 
to supply the heating system and float the excess electric 
energy on the transmission system. 

Probably the principal reason for the rapid growth of 
the district heating is the expansion of electric service 
to take on the load of plants in buildings and factories. 
Public utility companies have found that where all the 
exhaust steam from a generating plant can be used for 
heating purposes the owner of the plant will seldom con- 
sider the use of central station power only and it has 
become necessary, in order to secure the business, to offer 
both electric and heating service. In most of the large 
cities, therefore the district heating companies are 
operated in conjunction with or as subsidiaries to the 
electric companies. 

Typrs or CENTRAL HeaTINe SYsTEMS 

Two kinds of central heating systems are in common 
use. These are known as the block plant and the district 
plant. The block plant system is the older and its develop- 
ment resulted from the closing down of a number of small 
power and heating plants. These boiler plants are con- 
nected together by piping through building walls, across 
alleys and streets into a system which can be served by 
the most efficient boiler plants in the system with the other 
plants as auxiliaries to be used as the heating load 
demands. 

In the district plant system of central station heating, 
the entire system is planned very much as an electric 
central station is laid out. The main boiler plant is 


highly efficient and the pressure carried is sufficiently high 
to transmit the steam to the farthest parts of the system. 
In addition to the main or base load plant, the providing 
of supplementary or peak load plants is recommended by 
some to be located in the outer parts of the system and 
operated at times when the main plant cannot carry the 
load. These plants would be smaller and not as expensive 
as the base load plant. 

Experience has demonstrated that the heating busi- 
ness must stand on its own feet and as such district heat- 
ing companies are resorting more and more to live steam 
rather than exhaust steam or hot water as the heating 
medium. 

Naturally, the most profitable districts for central 
heating systems are the congested business and industrial 
building districts. Apartment building districts have also 
been found profitable fields by some companies but the 
service has not been extended, except in a few instances, 
to residential houses. 


CONVENIENCES OF CENTRAL HEATING 


Central heating has many benefits which appeal to 
every building owner. When properly installed and oper- 
ated, heat is always ready instantly when needed. The 
customer is relieved of the necessity of providing fuel and 
removing ashes. His labor expense and problems are 
greatly reduced. Savings on investment for equipment 
and in building space are often deciding factors in favor 
of central heating. 

Considering the civic side of the problem, central heat- 
ing plants offer the most satisfactory solution to the smoke 
problem due to the fact that they can be designed and 
operated profitably to eliminate smoke. They can usually 
be located near a railroad track or river so that coal and 
ash do not have to be carried in trucks through the city 
streets and alleys, thus relieving traffic conditions, reduc- 
ing the noise of the streets and freeing the air of at least 
some of the dust commonly flying about. Then, too, large 
central plants can use fuel much more economically. 


Like central station electric service, district heating 
has come about through interconnection of plants serving 
individual buildings, the abandonment of those that were 
most inefficient or not needed and finally the construction 
of an entirely new plant and system adequate for the 
needs of the district. Building owners are, of course, reluc- 
tant to discard their plants and will do so only when the 
public utility can show a financial gain to the prospective 
customer by the change to electric power or heat or both. 
Th€ cost of heating service is an individual problem for 
each job and varies widely with climatic conditions, build- 
ing construction and desires of the tenants. 


Heat MEAsurED BY CONDENSATE METERS 


Present day practice would indicate that steam heating 
service should be measured by condensate meters and that 
a sliding scale should be charged depending upon the 
amount of condensation per month. The rates charged by 
heating companies throughout the country vary widely 
with an average around $1.75 per thousand pounds of 
condensate for the first 10,000. lb. and on down to as low 
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as $0.55 per thousand pounds for 500,000 lb. condensed 
per month. 

Steam pressure at the customer’s service varies from 
1 lb. to 150 lb. and in some of the recently built plants 
pressure as high as 200 lb. is carried in the mains. Steam 
losses between the plant and the customers’ meters due 
to leaks, line condensation, auxiliaries, traps, etc., ranges 
from 6.8 to 37.8 per cent with an average of about 21 
per cent, according to the National District Heating Asso- 
ciation. The pounds of steam sold per ton of coal burned 
averages about 12,700 for fuel of 12,100 B.t.u. heat 
value. This results in an average of 6.33 lb. of steam sold 
per pound of coal burned. Plant labor costs average about 
60 ct. per hr. per man. 

Throughout the country, the average length of the 
heating season is 258 days and the temperature, 415 deg. 
F., but it is difficult to make estimates of steam require- 
ments from these averages as it is found that the conden- 
sation per square foot of radiating surface per year varies 
from a minimum of 280 lb. to a maximum of 902 lb. with 
the average of 537 lb. 


ConbuIT For HEATING LINES 

In laying out a district heating system, the piping 
mains must be carefully designed and installed or the 
losses will be enormous, amounting in some cases to nearly 
40 per cent of the steam generated. Heating companies 
have found that welded piping has proved satisfactory 
for street mains and it is quite likely to become standard 
practice for the service. Such pipe should be placed in 
a waterproof conduit or tunnel. Expansion of the pip- 
ing must be controlled by anchors and expansion joints 
or bends so that the pipe will not come in contact with 
the conduit. 

Several types of construction of conduit are in common 
use, among which are the filler, insulated tile, sectional 
insulation, tile conduit, sectional insulation bituminized 
fiber conduit and wooden conduit types. 

With the filler type conduit, the pipes are supported 
on rollers placed on a steel rod which rests on an iron 
frame supported on a concrete base. Split tile conduit 
protects the pipes and the entire space between the pipes 
and the tile is filled with an insulating filler. The pipes 
are thus nested in the tile and circulation of air is pre- 
vented by the insulating material. This conduit is placed 
in a bed of crushed rock or gravel 4 to 6 in. thick and a 
tile under-drain is provided beneath the entire length of 
the conduit. This drain removes all water from around 
the conduit and conducts it to the sewer or open drain. 

Insulated tile type of conduit is made up of dia- 
tomaceous earth molded to the inside of a split tile con- 
duit. The pipes rest upon rollers supported by an iron 
frame which extends through the conduit and rests on a 
tile base ‘serving also as an under-drain. Additional in- 
sulation is sometimes provided by filling the space around 
the pipes inside the insulating conduit. Gravel or crushed 
stone to the thickness of'a few inches is placed around the 
conduit and base drain. 

With the sectional insulation type using tile conduit 
each pipe is insulated in the usual way with any desired 
type of sectional pipe insulation, over which is placed a 
_ jacket of standard asphalt waterproof roofing with 

cemented joints. Split tile conduit resting in a bed of 
crushed rock or gravel 4 to 6 in. thick encases the pipes. 
Roller frames support the pipes and may either be sup- 
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ported by the conduit itself or have the lower part set in 
concrete. Under-drains are sometimes omitted with this 
type, the seepage being conducted along the bottom of the 
conduit to the nearest manhole from which free discharge 
is provided. 

When sectional insulation using bituminized fiber con- 
duit is employed each pipe is individually insulated and 
encased in the conduit. Magnesia sectional pipe covering 
is applied in the usual way except that the bands are 
omitted. After every fifth section of magnesia covering 
there is placed a short hollow section of very hard asbestos 
material, in the bottom portion of which rests a grooved- 
iron plate carrying ball bearings upon which the pipe 
rides when contracting and expanding. Over the pipe 
covering two layers of bituminized fiber conduit are 
placed with all joints staggered and the surface of each 
conduit finished with liquid cement. As with other types, 
the conduits are laid in a bed of crushed rock or gravel 
and under-drains are provided. 

Tin-lined wooden casing is sometimes used for enclos- 
ing each pipe. Between the pipe and the casing sufficient 
space is allowed to provide for the insertion of pipe 
guides or rollers which rest on the bottom of the casing. 
With this type the conduit is bedded in crushed rock or 
gravel and under-drain are used. 


PIPING INSTALLATION PRECAUTIONS 


In laying out conduits for district heating systems the 
following rules are given by the American Society of 
Heating and Ventilating Engineers: 

1. The conduit should be laid out in_ successive 
straight runs between manholes or anchor pits. 

2. An anchor should be placed wherever the line 
changes direction. : 

3. An expansion joint or bend must be placed between 
each two anchors. 

4, Manholes should be provided at each expansion 
joint. Where slip joints are used, manholes should be 
vented. 

5. Branches should be taken off at or near an anchor. 

6. If the distance between buildings is less than 150 
ft. and the steam line contains high pressure steam, it 
may be anchored in the basement of one building and al- 
lowed to expand into the basement of the second building. 
If the steam line contains low pressure steam (up to 4-lb. 
pressure), this method may be used if buildings are less 
than 250 ft. apart. 

?. If the distance between buildings is between 150 
ft. and 300 ft. and the steam line contains high pressure 
steam this method may be used if buildings are between 
buildings and allowed to expand into the basements of 
both buildings. If the steam line contains low pressure 
steam this method may be used if buildings are between 
250 ft. and 500 ft. apart. No manhole is required at the 
anchor, and a blind pit is all that is necessary. 

8. For longer lines manholes must be located accord- 
ing to judgment and depending upon the expansion value 
of the type of expansion joint or bend that is used. 

9. Stabilizers to maintain alinement of pipes should 
be placed on each side of each expansion bend. 

10. A proper hydrostatic test should be applied to 
the piping before top of conduit is applied and before 
application of insulation. The pressure used in this test 
should be greater than the pressure used in service, and 
should be not less than 100 lb. per square inch in any case. 
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Corrosion of Steel Chimney Affected 
by Design 
W3ic8 Is the better way to build a steel chimney, so 


that the overlaps of the seams shed the rain on the out- 
side of the chimney, like shingles on a house or so that 
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FIG. | 

IN BUILDING A STEEL CHIMNEY, IF THE PLATES OVERLAP AS 

IN FIG. he THERE IS GREATER CORROSION AT THE JOINTS 

THAN WITH THE CONSTRUCTION IN FIG. 2 

















FIG 2 


the bottom of each plate is on the inside of the chimney? 
This question came to the writer’s mind recently while 
examining the effects of corrosion on a chimney. The 
chimney in question had the plates arranged as in Fig. 
1. Such construction probably has one slight advantage 
as offering less friction to the flow of gases, as compared 
with Fig. 2; however, corrosion had been particularly 
bad at the joints, necessitating replacement of the upper 
part of the chimney. 

In Fig. 1, the upper edges of the plates allow the 
accumulation of dust and cinders as at A. Flue gas 
usually is heavily charged with sulphur dioxide gas 
(SO,), which has a remarkable affinity for water. If 


the chimney is open at the top, this SO, will saturate © 


the rain drops whenever rain enters the chimney and 
the resulting sulphurous acid will trickle down the 
plates, wetting the mass at A and concentrating corro- 
sion at the seams. Even if rain is excluded by placing a 
cowl over the chimney, some moisture will be likely to 
condense from the flue gas on the upper plates, espe- 
cially during cold weather or when the gas is relativély 
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cool owing to banked fires. In addition to the moisture 
in the fuel and in the air used for combustion it should 
be kept in mind that a large quantity of moisture results 
from the burning of the hydrogen in the fuel. For 
example, if a pound of fuel has 5 per cent of free 
hydrogen, 0.45 lb. of water will result from burning it. 
As some of this water will condense at any temperature 
under 212 deg. F., it therefore is likely that the refuse 
at A on the upper plates will be moist and acidic a large 
part of the time, even with a hooded chimney. The 
oxygen present in the flue gas, as well as traces of other 
corrosive elements, undoubtedly accelerate the damage 
caused by the SO,, although the latter is the most in- 
jurious factor. 

It might be argued that if the chimney is constructed 
as in Fig. 2, corresponding corrosion will start from the 
outside in the same manner. Such disintegration could 
not, however, be as rapid, because the corrosive elements 
of the atmosphere are not comparable in intensity with 
those of the flue gas and furthermore the action of the 
wind and rain would tend to keep the upper edges of 
the plates fairly clean on the outside. 

It is the writer’s belief that the ideal way to design 
a steel chimney is to arrange the upper plates as in Fig, 
2 as far down as temperatures below 212 deg. F. are 
likely to prevail at any time and to arrange the lower 
plates as in Fig. 1. Thus the skin friction of the 
ascending gas would be reduced as much as possible 
while at the same time prolonging the life of the upper 
part of the chimney, which often is so susceptible ta 
corrosive influences. 

Montclair, N. J. 


New Unit of Boiler Capacity Needed 


FEw WHO deal extensively in technical terminology 
and calculation will fail to agree that that incubus of 
the past the ‘‘boiler horsepower’’ as a measure of boiler 
eapacity is—or at least should be—as extinct as those 
well-known antedeluvian twins, the dinosaurus and the 
diplodoceus. Its continuing recurrence among the mis- 
guided can only be attributed to the lack of an accept- 
able substitute to date. 

Many have turned to ‘‘square feet of heating sur. 
face.’’ To be consistent such persons should rate motor 
sizes in ‘‘square feet of exposed coil’’ and turbines in 
‘*square inches of blade area.’’ As a measure of capac. 
ity, such terms tell just enough of the story to be con- 
fusing. Radiant heat absorbing surface which ‘‘sees’’ 
the fire bears as little relation to the convection surfaces 
of the various passes as the exposed areas of the inter- 
poles and of the armature coils or of the turbine blade 
areas in the first and last stages. None of these quan- 
tities represent more than one of the several contrib- 
uting causes which go to make up a desired result. 


CHARLES C. PHELPS. 
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Others more logically inclined have proposed pounds 
of steam per hour as a preferable term. There are two 
principal objections to this. First and least, modern 
boiler sizes necessitate unduly lengthy strings of zeros 
some of which the printer at times may inadvertently 
omit and which in calculations prove frequently most 
inconvenient. More particularly, however, the term 
leads to confusion unless the lengthy and unwieldy 
‘‘from and at 212 deg.’’ differentiates it from steam 
‘at delivered pressure and temperature.’’ 

In England, in the gas industry a term has been 
universally accepted which it is believed would lend 
itself ideally to the solution to this problem. The 
American gas industry has recently seized and is ac- 
cepting it. This term is the ‘‘Therm’’ which is equal 
to one hundred thousand (100,000) B.t.u. The ‘‘Therm- 
hour’’ (T.H.) therefore would be roughly a little less 
than three boiler horsepower hours or about what ten 
square feet of surface are called on to average at the 
modern rating of 300 per cent. It is easy to say and to 
abbreviate. It conveys a distinct idea of heat quantity. 
It is a unit which in boiler practice can be expressed 
in three or four figures. Its extensive use in the gas 
industry to date has so far failed to reveal faults of 
lexicography. 

It may be contended that it was the original purpose 
of the committee of the British Association of Sciences 
who first proposed the term in 1896 that it be used in- 
stead of the unwieldy and confusing ‘‘gram calorie.’’ 
Later others proposed it as a substitute for ‘‘kilogram 
calorie’ and still others as 1000 ‘‘calories.’’ In spite 
of its inclusion in various dictionaries under one or more 
of these definitions, it is believed that those familiar 
with present-day literature of the gas industry will 
agree that the universally-accepted significance of the 
term today indicates but one thing and one thing only, 
namely, 100,000 B.t.u. 

Is there a better term or are there unsurmountable 
practical difficulties confronting the acceptance of this 
proposed new term? Public use is the sole criterion of 
a word’s existence in technical parlance. Let us have 
your views. Let’s agree on something to rid ourselves 
of an irritating babel of half-accepted makeshifts. 

Fullerton, Pa. H. W. Brooks. 


Engineers Should Do Their Own 
Welding 


SEVERAL years ago, while hunting for some material, 
I found a complete welding outfit stored away and, 
having had many repairs made by oxy-acetylene weld- 
ing, the idea of learning the use of this equipment and 
saving mych of this cost, as well as repairing many parts 
sent to the scrap heap, became so persistent. that I per- 
suaded the local welder to teach me welding. 

I secured several books on the subject and the more 
I read and used the torch, the greater became its value. 
I now believe it to be the most useful tool in the power 
plant. Its cost has been repaid many times, often in the 
repair of one broken part, and as its use constantly 
develops new uses, it is without doubt the most versatile 
- tool an engineer can have as a part of his construction 
and repair equipment. 

When one says that it will put on or take off metal 
he has told the whole story, but this does not create a 
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realization of its value. I have welded engine, turbine 
and pump parts worn or broken in service and find that 
saving the cost of a new part is not the only saving for 
pumps and engines must run and the time lost is the 
most costly. The possibility of a shutdown is always in 
the background and any supply of repair parts runs 
into money. This is where the torch plays such an im- 
portant part. It is the equivalent of almost any repair 
part. 

Its use will cut repair cost over one-half and will 
reduce the time out for the machine as well as the work 
of making the repair, because often the weld can be 
made without removing the part. Its use in the making 
of fire tools, reinforcing ash scoops to double their life, 
the repair of conveyors, building up worn parts, and 
fabricating such useful things as ladders, wheel barrows, 
coal cars and steam radiators from junked pipe and 
boiler tubes is well worth considering. 

The progressive engineer is not passing up an oppor- 
tunity to cut his cost of operation and incidentally, in- 
crease his pay. The torch not only will do both but 
seems to lend itself to the most varied uses. The need 
for a branch line from a large steam main which called 
for a 6-in. flange tee costing $14, and at least two days’ 
work, with the line out of service, practically forced us 
to use the torch for this job. We were less than one 
hour cutting the hole for the pipe and welding it on with 
the torch, the gas used costing 50 cents. That we had a 
stronger, neater, leak proof joint without increasing 
radiation was self-evident, and that the torch has been 
used for all such jobs since is needless to say. I prefer 
handling a 3-lb. torch rather than a length of 6-in. pipe. 

Leaks in both steel and cast-iron pipes have been 
stopped by either welding or brazing, and as our feed 
lines pit through in from 3 to 4 yr. we have saved our- 
selves much work and many near shutdowns by using 
the torch. I should explain that this pitting, except for 
an occasional hole through the pipe, leaves the re- 
mainder in good condition. 

We have used the torch for fabrication of pipe con- 
nections for both water and steam, with a marked reduc- 
tion in cost and a leak-proof joint that will remain tight 
as long as the pipe lasts. The ease with which such 
work can be done, reducing handling of the pipe to a 
minimum, and the cost of screwed fittings (which are 
a source of leaks) to zero, makes the welding and cut- 
ting torch the means of securing the long searched for, 
perfect pipe connection. 

Most of our repair work is done at odd moments, 
really spare time work, filling in the day with paying 
and interesting work. Welding is easy to learn and in 
a short time the engineer can become quite proficient. 

Vermillion, S. Dak. L. A. Cowles. 


Choice of Fuel Determined by Local 
Conditions 


AN OIL BURNER Salesman convinced a real estate 
owner that oil was the fuel to use in his buildings. One 
was equipped for oil, and ran for 2 yr., showing a sav- 
ing over previous years with coal. This building was 
operated by a non-licensed janitor-fireman, working long 
hours. 

Success with the first building led the owner to have 
another office building changed to oil fuel, but in this 











aeprde da G&G, @ © «32m kee st em hm 





26 


ne 
at 
or 
he 
in 
ns 


ir 


ill 


~*~ 5B 











May 15, 1926 


ease it cost him $5000 a year more for oil than it did 
for coal. This plant has 27,000 sq. ft. of radiation for 
a vacuum heating system, with two 250 Babcock & Wil- 
cox boilers. Before changing to oil firing, the plant 
was operated by competent firemen, three being em- 
ployed during the cold winter months and two in the 
fall and spring. Steam was generated at 80-lb. pres- 
sure and reduced before entering the heating system. 
The boilers had 42°sq: ft. of grate surface, which was 
cut down to 25 sq. ft. for each boiler and the hand 
dampers adjusted to suit the load. The automatic 
damper took care of the steam pressure. Thermometers 
were placed in the return lines so the leaky vacuum 
traps could be traced and repaired. This plant really 
was operated economically but success with his other 
building influenced the owner to change to oil firing 
which resulted in the yearly loss previously mentioned. 

Knowing nothing about oil firing himself, the owner 
called in a heating expert to diagnose the trouble. The 
latter advocated low pressure steam, enlarging the steam 
mains, and installing motor-driven pumps so that any 
janitor could look after the plant. The approximate 
cost was to be about $7000. The owner did not want 
to spend any more money in the plant, so he sent for 
an oil burner expert who found 80 per cent efficiency 
when burning oil of 28 to 32 deg. Be., but in order to 
reduce costs, he suggested burning heavy crude oil. 
This fuel, however, could not be obtained in the city. 

It was hard to convince the owner that the trouble 
had been in burning coal in the first building. The 
second building, however, because of its higher coal- 
burning efficiency showed a loss after coal burning was 
discontinued. The oil had 19,000 B.t.u. per lb. and 7.48 
lb. per gal., so that at 7.5¢ per gal. he received approxi- 
mately 1,900,000 B.tu. for one dollar. With coal at 
$7.50 per t. and 14,000 B.t.u. per Ib., he received 3,733,- 
000 B.t.u. for one dollar. It was a matter of burning 
coal efficiently or buying oil at a lower price. The oil 
salesman figured 150 gal. of oil equal to a ton of coal. 
This is true only under certain conditions. In the first 
case, where coal was being burned with only 60 per 
cent efficiency, oil burning at 80 per cent showed a sav- 
ing. In the second case, the increased cost of the oil 
offset the increased efficiency. 


Springfield, Mass. THOMAS SHEEHAN. 


Overload Relays 

IN CONNECTION WITH large motors and lines carrying 
heavy currents, overload relays are often used instead of 
Fuses, because they can easily be reset after they have 
opened the circuit and because fuses in the large sizes 
are quite expensive. Overload relays are made in two 
general types: the first is the thermal overload relay, in 
which the essential part is a small metallic strip made of 
two dissimilar metals. In operation this strip becomes 
heated and as it does so it-bends to one side. When a 
predetermined current value is exceeded it bends far 
enough to open the control circuit and stop the current 
flow. This type of relay has the advantage of giving a 
motor added protection during hot weather. 

The other type of relay makes use of a magnetic 
solenoid which is acted upon by the current flowing 
through the line. . When the predetermined current 
value has been exceeded it draws up a plunger which 
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Opens a contact in the control line and stops the current 
flow. This type relay usually has a ‘‘dash pot’’ in the 
bottom which is fitted with a piston operating in oil. Its 
function is to keep the relay from acting too suddenly 
as for example, in the starting of a motor. It is quite 
important to keep the dash pot full of the proper kind of 
oil. Both types of relays are adjustable for different 
current values, which-may vary between certain limits. 


Concrete Protects Conveyor Supports 

OUR OVERHEAD ash conveyor was provided with sup- 
ports made of old boiler tubes, the lower parts of which 
were eaten away in a short time by the ash piled around 
them. 

To overcome this trouble we poured concrete around 
the lower end of each support, as shown in the accom- 
panying figure. This was done by means of a two-piece 
sheet iron form bolted together. 








POURING CONCRETE AROUND THE BASE OF THESE ASH 
CONVEYOR SUPPORTS PREVENTED THE ASH FROM CORRODING 
THE METAL 


This job was done 4 yr. ago and still shows no signs 


of deterioration. 
Vermillion, 8. D. 


Cleaning Condenser Tubes 


THE QUESTION of cleaning the condenser tubes of large 
turbine units is one of great importance. In order to 
facilitate this work modern installations are so arranged 
that one-half of the condensing capacity of each unit may 
be removed from service and cleaned without interrupting 
the operation of the unit. The surface condensers that 
are installed in connection with the 35,000-kw. units in 
the Long Beach steam plant of the Southern California 
Edison Co. are thus divided, each half operating inde- 
pendently and being supplied with circulating water from 
a separate salt water pump. At the present time these 
units are carrying in excess of 40,000 kw. each and it is 
found that when one side of a condenser is taken out of 
service for cleaning, the remaining half is of sufficient 
vapacity with the present sea water temperature to carry 
a total load: of some 38,000 kw. at 90 per cent power 
factor. C. C. Brown. 


L. A. CowLes. 
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Practical Problems in Current Flow 
No. 1. A telegraph line consists of 5000 ft. of No. 8 


B.&S. gage iron wire. There are two relays on the line, 
each having 150 ohms resistance. How many cells will 
be required to send 0.25 amp. through the above line, 
and how would you arrange them? Each cell has 1.3 v. 
e.m.f. and 2 ohms internal resistance. 

A. No. 8 B.&S. gage iron wire will run, depending 
upon the quality, about 24 ohms per mile at 68 deg. F. 
5000 ft. of No. 8 wire will, therefore, have a resistance of 

5000 
< 24 or 22.7 ohms 





5280 
2 relays arranged in series, each having a resistance 
of 150 ohms will have 300 ohms. Then the total resistance 
of the external circuit will be 300 + 22.7 = 322.7 ohms. 
The required current is 0.25 amp. Voltage required 
to send this current through the external circuit, by 
Ohm’s law, E = RI, will be 322.7 « 0.25 = 80.6 v. 
In solving this problem, the following symbols will 
be used: 
R, = resistance of external circuit 
R, = combined internal resistance of required num- 
ber of cells in series 
E, =: total voltage required to overcome internal and 
external resistance of circuit 
E, = voltage required to overcome resistance of ex- 
ternal circuit — 80.6 v. 
E, = voltage required to overcome internal resist- 
ance of battery 
I = required current = 0.25 amp. 
Let X = total number of cells required 
Then 1.3X = total voltage E, 
and 2X = total resistance R, 


Pe chacnnscackes sacs ude ace nes (1) 
but E, = 1.3X 
E, = 80.6 v. 
E, = R,I 


Substituting these values in equation 1 

1.3X = 80.6v + R,I 
but R, = 2X 
and I — 0.25 

1.3X = 80.6v + (0.25 x 2X) 

1.3X = 80.6v + 0.5X 

X = 101 cells 

No. 2. Suppose that 56 storage cells, each having an 
e.m.f. of 2.1 v. and an internal resistance of 0.015 ohms, 
are to be used to light 12 incandescent lamps of 200 
ohms each, arranged in parallel. (A) What current 


flows through the main line? (B) What current flows 
through each lamp? 
A. Total voltage of 56 cells in series 
56 & 2.1 = 117.6 v. 
Total internal resistance of 56 cells 
56 X 0.015 = 0.840 ohm 


Resistance of 12 lamps of 200 ohms each arranged in 
parallel is found by means of 
3. 1 1 1 1 

—=—+4+—4+-—4- 

R ¥; r, c Tn 
In which R is total resistance 

Y,, T,, ete. = individual resistance of lamps 

Substituting the value of the lamps in the above equa~- 
tion, we obtain 





1 12 
— = — = 0.06 ohm 
R 200 
1 
R = —— = 16.66 ohms 
0.06 
The current in the circuit is given by 
E 
Pe 
R, + R; 


In which 
I = total current 
E = total voltage = 117.6 v. 
R, = resistance of external circuit, 16.66 ohms 
R,; = internal resistance of cells, 0.840 ohm 


117.6 117.6 
(A) | — ———_—____ = —— = 6,7 amp 
16.66 + 0.84 17.5 
Voltage drop due to battery internal resistance = 
0.840 «K 6.72 = 5.64v 
Total voltage 117.60 
Drop in cells 5.64 
Drop across lamp 111.96 
111.96 
(B) Current through each lamp == ———~ = 0.56 amp. 
200 


Proof: 12 « 0.56 = 6.7 amp. 
_ No. 3. A battery of 6 dry cells arranged in parallel 
is used to send a current through a resistance of 0.08 
ohm. Each cell has an e.m.f. of 1.5 v. and ‘an internal 
resistance of 0.1 ohm. How much current flows through 
the external circuit? 

A. Current through circuit 





E 
tua at 
R, + R, 
where R,. and R, are the external and internal resistances 
R, = 0.08 ohm 

I 1 6 
— = — X 6 = — = 60 ohms 
R, 0.1 0.1 

1 

R,; = — = 0.016 ohm 
60 
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1.5 
I= _ 
0.08 + 0.016 0.096 
No. 4. The normal current of each storage cell in a 
certain battery is 5 amp., its internal resistance is 0.002 
ohm and e.m.f. is 2.15 v. The cells are required to light 
40 incandescent lamps, each taking 0.5 amp. at 112 v. 
Consider the line wires of negligible resistance. How 
many cells are necessary and how should they be 
arranged ? 
40 lamps, each taking 0.5 amp. = 40 & 0.5 = 20 
amp at 112 v. 
Normal current of cells = 5 amp. 
Therefore, we shall need 20 ~ 5, or 4 groups of cells 
in parallel. 
In solving this problem, use will be made of following 
symbols: 
R; = internal resistance of cells grouped in series— 
parallel 
E, = total voltage of circuit 
E, = voltage required to overcome external resist- 
ance = 112 v. 
E, = voltage required to overcome internal resist- 
ance of cells 


15 
— 15.5 amp. 








I = total current flowing in circuit 20 amp. 
Let X = total number of cells required 
2.15X 
Then E, = 
4 
We TIE Ba 68 SOR CELNGT GDA CBANIGS (1) 


From the theory of resistances in parallel, the total re- 
sistance R, of n resistances r in parallel is given by 
l 
R = — 
n 
r 
In this example there are four serial groups of cells 
in parallel. The resistance of each group, if the total 
0.002X 
or 0.0005X. 





number of cells is taken as X will be 
4 
Therefore, the total resistance of the series—parallel 
combination is 
1 


4 0.0005X 
ohm 





0.0005X 4 
0.0005X 0.010X 


X 20 = 








E, in equation (1) is, therefore, 


E, — E, + E, er (2) 
Substituting known values in equation (2) 
2.15X 0.010X 
—— = 112+ 
4 4 
2.15X = 448 + 0.010X 
2.15X — 0.010X = 448 
2.15X = 448 
X = 209 total cells required 
x 
—-=52-+ In other words we shall need 
4 four parallel groups of 52 cells 
in series. 
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Rotary Converter Input Determined 
by Losses 


WE HAVE a rotary converter of which the d.c. output 
is known but I do not know how to figure the a.c. input. 
Also, what is the cause of intermittent sparking on the 
d.c. end of this converter? 

The commutator has good color, is smooth and com- 
mutation is good, except occasionally there are sharp blue 
spitting sparks, sometimes for 20 min. and then they dis- 
appear entirely for days. What causes this ? F. 8. 

A. Knowing the output of your rotary converter in 
order to ascertain the input, it is necessary to know the 
efficiency of the machine. What you have in your rotary 
converter is a machine for transforming power. All the 
energy which goes into the a.c. side comes out of the d.c. 
side with the exception of that lost in the machine. In 
other words, the a.c. input equals the d.c. output plus the 
losses. 

The ratio of the output to the input expressed in per 
cent is the efficiency of the machine. Assume, for example, 
that the d.c. output of your rotary converter is 800 kw. 
and that the efficiency of the machine is known to be 92 
per cent. Then the a.c. input is equal to 800--0.92 or 
870 kw. c 

Apparently the sparking with which you are having 
trouble is due to an electrical reason, probably an overload 
on the d.c. side. An overload will cause the armature cur- 
rent to increase, resulting in distortion of the field flux. 
This in turn shifts the angle of commutation and, unless 
the brushes are shifted, will result in the type of sparking 
you describe. 

Sparking may be due either to a mechanical or an 
electrical cause. If it is due to a mechanical cause, the 
sparks usually are small pin sparks, or small streamers. 
If it is due to an electrical cause, the sparks are larger 
and have more snap or bite than when the sparking is 
caused by mechanical defects. 

The very fact, however, that the sparking occurs only 
at intervals would seem to point to an electrical disturb- 
ance on the line rather than a mechanical defect, since if 
the trouble were mechanical, the sparking would be con- 
tinuous. It would be a good idea to watch your wattmeter 
at the time of sparking for an increased load. 


Reducing Size of Suction Line Reduces 
Load on Prime Mover 


A RATED 5 hp. motor, running at 1750 r.p.m. is direct 
connected to a centrifugal pump used for circulating brine. 
Tests have shown the motor to be doing 7 hp. Can this 
overload be reduced by reducing the volume of the brine 
and increasing the pressure? J. B. 

A. You do not make clear what condition you wish to 
obtain. The load on the motor may be reduced by reducing 
the size of the suction line, either by smaller piping, by 
using a valve, or by an orifice plate. 

Since it is ordinarily only necessary ‘to keep brine cir- 
culating, it would appear that it would be of no advantage 
to increase the pressure unless you have some particular 
reason which you have not stated. 

This also brings up the question as to whether refrig- 
erating conditions will permit a reduction in brine volume. 
This is not stated. 
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Sales and Service 

Every modern executive is confronted with the prob- 
lem of sales and service. Just what relation these two 
bear to each other depends upon individual conditions 
but, under our present industrial organization, they are 
inseparable. 

Following the sale, service may in some cases end 
upon delivery of the product, in others, extend through 
the life of the product, and in still others, service itself 
may be sold. The prosperity of the entire organization, 
as well as the tranquillity and industrial achievement of 
many other enterprises may depend upon the effective- 
ness of such service. 


The age-old axiom, ‘‘Buyers beware’’, is no longer 
tolerated by modern industry. Reliable manufacturers 
realize that their responsibility does not end with the 
sale. Purchasers, too, are being educated to the point 
where they are willing to pay for reliable sales and 
service representation. Obviously, those cannot be sup- 
plied without a considerable increase in overhead, which 
often reflects itself in the increased first cost of the 
product. Perhaps this additional first cost is not always 
justified on a strictly tangible value-received basis but 
is more in the form of insurance. 


In our complex industrial development, confidence is 
analogous to credit in the financial world. A company 
which has spent years developing confidence in its equip- 
ment, standing behind it without reservation and main- 
taining adequate uninterrupted service, is in much the 
same position as an old established banking house whose 
bonds sell considerably higher than those of other con- 
cerns whose credit is not so good. Safety and reliability 
always command a premium in the market. 


Public Service Means Public 
Responsibility 

Modern city life is dependent upon so many services 
that too frequently we fail to consider and make provi- 
sion for the failure of those services that are funda- 
mental to the life and activity of the city. It is only a 
catastrophe, such as is being experienced in Great Britain 
at the present moment, that forces us to determine what 
services are absolutely essential and must be maintained 
in order to make living possible. 

To have the coal mining industry tied up is a serious 
condition but, with sufficient warning, the public can pre- 
pare for such an emergency and be inconvenienced but 
little with the sources of supply shut off even for several 
weeks. To have our usual forms of transportation, within 
- cities and even the interurban systems, cease to operate 
can be endured for a few days by nearly any community. 
When, however, the electric power supply of a city is 
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cut off, the entire life of the community is immediately 
upset. 

The public has become so accustomed to receiving an 
uninterrupted electric service that our buildings are de- 
signed, industries organized and cities planned to depend 
continuously upon an unfailing power and light service. 

At the instant electric power service ceases, corridors 
and basements become dark and dangerous to the occu- 
pants; elevators stop; street car transportation dies; 
water pressure dwindles to nothing; basements flood with 
sewage; industrial motors stop, and everywhere are 
found conditions that cannot be endured many hours 
without great hardship and danger to many inhabitants. 

Fortunately for the American people, among those 
engaged in the power plant industry there are many 
heroes of peace who stand ready and willing to make 
sacrifices as great as any ever made by man in order 
that service to a community may not cease. We are for- 
tunate, also, in having back of these men, corporations, 
individuals and communities that recognize a service 
that can be paid for only in gratitude and proper public 
recognition. It is upon such service that the entire in- 
dustry has been built up, upon which the public has 
learned to depend, and in which it has confidence. Sound 
relations between the public and a utility company can- 
not be enjoyed without this sense of duty to the public 
in the hearts of the men responsible for the service and 
the public should reciprocate by realizing its debt to and 
dependence on the service rendered by the utilities. 


A Sales Problem 


You may not think so—nevertheless, you are a sales- 
man. It matters not what your job or profession may 
be, life is a continual sales problem. 

Maybe your first saleswork was to satisfy your school 
teacher you knew your ‘‘three R’s.’’ You had to do 
some good saleswork to convince the best girl and get 
her to sign on the dotted line. ” 

Every day you are selling yourself to your Boss. 
Sometimes you change bosses—more saleswork. Later, 
the Boss makes you Chief. Result of good saleswork 
and value received. Maybe he tied a can to you. Result, 
perhaps, of poor saleswork. 

So you’re selling ‘‘day by day in every way.’’ The 
good salesman does careful, conscientious work. ’Tis 
the secret sign of a good craftsman. He knows his goods 
and leaves no stone unturned to improve their quality. 
He believes in himself and his ability to put life’s deal 
across. He sells satisfaction in every form. 

He is always answerable to the Great Sales Manager. 

Let it always be good clean salesmanship and the 
working ethics and methods be of the best. 

So will you prosper. 
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Off Duty 


It is a strange paradox or, when you consider what 
an inconsistent animal man is, perhaps it isn’t, that in 
view of all the marvelous discoveries in science and the 
improvements in all branches of human endeavor dur- 
ing the past two centuries, the thing in which man has 
effected the least improvement is in man hirhself; that 
is, in his physical and mental endowments. During the 
past two hundred years, he has searched deep into the 
treasure chest of Nature’s mysteries and has unearthed 
many wonderful principles which he has applied to his 
own advantage. He has discovered not only the laws of 
physies and electricity but has found out much about 
the biological processes within his own body and their 
control. 

Yet, in himself, in his hereditary endowments, there 
has been no perceptible improvement within historic 
times. The intellectual capacity of the average college 
professor of today is probably no greater than that of 
the Egyptian priest of 3000 years ago and the physical 
ability of the modern athlete is about on a par with 
that of the ancient Greek. Indeed, taken collectively, 
no modern race of men is equal to that of certain of 
the ancient ones. 

Galton has pointed out that in the little Greek state 
of Attica, for instance, in the century between 530 and 
430 B.C. there were produced 14 illustrious men, one 
for every 4300 of the adult free born population. With 
an area and population equal to that of Rhode Island, 
in the two centuries, 500 to 300 B.C., this small state 
produced at least 25 illustrious men—men such as Aris- 
tides, Pericles, Socrates, Plato and Aristotle. As a mat- 
ter of fact, in this small country in the space of two 
centuries there appeared such a galaxy of illustrious 
men as has never been found on the whole earth in any 
two centuries since that time. 

This remarkable race was no mere accident; it was 
not mere chance which produced such a group of indi- 
viduals. The causes that served to produce these people 
of Attica were the same which today produce a Man-o- 
War or a prize steer. They are known to every breeder 
of animals and to every horticulturist. 

Athens was the intellectual and social capital of the 
world and to it the most ambitious and capable men 
were irresistibly drawn. The native stock was good, so 
was the immigration, and it was inevitable that the off- 
spring of such a people should be of a high grade. 

Today, the laws of heredity are no mystery. True, 
we cannot, in the case of human beings, predict with 
exactness the mental or physical characteristics of any 
unborn individual, but we do know that the only reason 
any person possesses certain characteristics is because he 
has inherited them, good or bad, from his immediate 
ancestors. In the lower forms of life, animal and veg- 
etable, we can predict many characteristics with certainty 
and can produce them at will. 

But when we try to employ the same technique on 
the human race, we bump flat against the insurmount- 
able wall of social, religious and political laws and cus- 
toms. Stock improvement means rejection of the unfit— 
the elimination from reproduction of all except the best 
stocks. This is possible in the breeding of animals but, 
because of the vast difference between the forces con- 
trolling reproduction in men and in animals, it cannot 
be employed towards improving the human race. Self- 
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interest prevents it. The great majority of mankind 
cannot, as animals subject to the laws of self-preserva- 
tion, be expected voluntarily to efface itself. 

Then where is the solution? 

The solution, if there is any, in my opine lies 
with the biologist. In a paper read before the Heretics 
at Cambridge some years ago, J. B. S. Haldane dis- 
cussed the possibility of ectogenetic reproduction; that 
is, reproduction external to the body of the mother. In 
ectogenesis applied to human beings, ovaries from se- 
lected women would be kept growing in serums. The 
ovum produced each month would be fertilized and the 
embryo grown in serum for 9 months, after which it 
would be released to the air. 

A far-fetched dream, you say. Sacrilegious! Con- 
trary to Nature! The hallucinations of a perverted mind! 
Yet, strange as this idea may seem, there is no biologi- 
cal reason why it cannot be carried through. The tech- 
nique, to be sure, is unknown at present, but so was 
that of radio broadcasting 50 years ago. All present-day 
biological evidence points to its feasibility. No doubt, 
the social reformers, organized theology and politicians 
would vigorously oppose ectogenesis and even after the 
technique became known, would seek to suppress its 
adoption, but the fact remains that it would be prob- 
ably the only way by which we can ever produce a 
race of super-men and women. 

Only the cream of the race would be selected for 
ectogenetic reproduction and, while it would not be pos- 
sible to prevent natural reproduction for a long time 
after ectogenesis was adopted, the individuals produced 
by this means would be so decidedly superior, intellec- 
tually and physically, to the majority of mankind that 
they would in a few generations rule the world. 

So we must look to the biologist. He is by far the 
most romantic figure in science today and from his 
laboratory will come perhaps the most startling dis- 
coveries of all time. Already he is doing uncanny 
things. Jacques Loeb several years before his death 
produced frogs which, we blush to say it, had no father 
but a fatty acid, and Alexis Carrel of the Rockefeller 
Institute has kept a piece of tissue from the heart of 
a chicken alive in a serum for over 12 years. At the Gen- 
eral Electric research laboratory some years ago they 
found that by knocking off an electron from the eggs 
of the fruit fly, they could change the sex at will. These 
are mere beginnings. All the biologist needs is time. 
Give him that and he will do things which will put the 
wildest dreams of your imagination to shame. 


AN INVESTIGATION to determine the sensitivity of va- 
rious coals and coal constituents by the critical tempera- 
ture method and also by the calorimetric method is being 
conducted by the Bureau of Mines, Department of Com- 
merce, in co-operation with the Mines Safety Research 
Board of the British Government. An effort will be made 
to obtain more data on the purely physical factors in- 
volved, of ventilation, heat flow, moisture, ete.; and to 
develop practical application of the theories of auto-oxi- 
dation. Work already done has shown that all bituminous 
coals when dry will heat to ignition from temperatures 
around 35 deg. C. provided adiabatic conditions are 
maintained and sufficient oxygen is applied. Below 35 
deg. C. their behavior is still uncertain. If the coal con- 
tains moisture it may heat or cool depending on its sat- 
uration relative to that of the air or oxygen supplied. 


* 
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- Motor Trolley for Small 
“Lo-Hed”’ Hoists 


OR USE WITH the half-ton and one-ton Class A, 
Lo-Hed electric hoists, which have been built here- 
tofore in both suspension and plain trolley types only, a 
new motor-driven trolley has been developed by the 
American Engineering Co., Philadelphia, Pa. This 




















ELECTRIC HOIST WITH NEW MOTOR TROLLEY DESIGNED FOR 
SMALL HEADROOM 


trolley, shown in the accompanying photo, can be sup- 
plied with travel speed of 80 or 120 ft. a minute; trolley 
and hoist are designed to provide an inexpensive over- 
head system for handling loads of one ton or less at 
high speed, both in lifting and moving. The unit can be 
arranged for remote control, if desired. Any Class A, 
Lo-Hed hoist now in service can be easily converted into 
a motor-trolley hoist by adding the new trolley. 

Only 22 in. of headroom are required for hoist and 
trolley. The trolley is ruggedly built and maximum 
traction is obtained by driving all four wheels. The 
three main castings, from which the hoist and load are 
suspended, are of cast steel. The spur gear drive is 
totally enclosed and runs in an oil bath. Hyatt roller 
bearings are used on all shafts. The motor also is 
totally enclosed and has high-grade ball bearings. All 
parts are completely accessible and the motor can be 
removed readily when necessary. The motor can be 
furnished for d.c. or a.c., either 2 or 3 phase. 


Breaker with Single Tanks 

O MEET THE demand for greater reliability and in- 

creased interrupting capacity, created by the modern 
tendency toward expanding concentration of power and 
the demand for maintenance of uninterrupted service, the 
Westinghouse Electric and Manufacturing Co. has devel- 
oped a new type of oil-tight multi-pole oil circuit-breaker. 


TYPE B-20 MULTI-POLE OIL CIRCUIT BREAKER WITH SINGLE 
TANK 


One of the novel features of this breaker is the en- 
closing of the three poles in a single round tank. This 
arrangement results in a type of breaker from which ma- 
terial advantages are gained in the form of increased in- 
terrupting ability; rugged, oil-tight construction; in- 
creased electrical clearances for terminal connections and a 
minimum of space requirements. The single circular tank 
with a rounded bottom and the dome-shaped frame form 
a breaker chamber cylindrical in shape with domed ends 
resembling boiler construction. This shape represents a 
maximum of strength for resistance to internal pressures 
with the most efficient use of material, and the maximum 
volume of enclosed breaker chamber for a given installa- 
tion space. The domed frame permits using space, here- 
tofore inefficiently utilized, about the contact studs for 
additional volume of air expansion chamber above the oil 
and also allows the system of operating levers to be en- 
closed within the breaker chamber, all without increasing 
the overall height of the breaker. 

A main shaft brought through the frame with a single 
operating lever outside, and well away from the live ter- 
minal connections, and the remainder of the levers within 
the breaker, results in the removal of grounded moving 
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parts from the vicinity of the bus connections. By this 
means the air insulating distances outside the breaker are 
increased and an oil-tight structure obtained, neat and 
trim in appearance and easily kept clean. The single 
round tank for all-poles provides for the most efficient use 
of the oil, the insulating properties of the entire volume 
of oil being available for each pole, and simplifies such 
maintenance features as renewal of oil, maintaining the 
oil level and the inspection of contacts. 

The breaker is particularly well-adapted to meet the 
requirements of heavier switching service in powerhouse 
and substation applications due to the increased interrupt- 
ing capacity obtained by this form of construction. Ade- 
quate mechanical strength for resisting internal stresses ; 
the large volume and head of oil; the ample air expansion 
chamber ; large air insulating clearances outside the break- 
er chamber and the minimum of installation space re- 
quired, together with its sturdy contact construction and a 
closing mechanism with sufficient power to close the con- 
tacts positively and accelerate them rapidly in opening, 
make the breaker dependable under severe operating con- 
ditions. 


New General Utility Ventilator 


ROPER ventilation of the power plant is receiving 
increased attention from designing engineers and 
architects throughout the country. To supply ade- 
quately the exacting demands of this trade, the Burt 


VENTILATOR COMBINES CONE DAMPER AND FIRE RETARDING 
FEATURES 


Manufacturing Co., Akron, Ohio, has designed the new 
Burt cone damper ventilator, in accordance with the 
essential recommendations covered in the handbook of 
the American. Society of Heating and Ventilating 
Engineers. 

This ventilator, of the stationary type, as illustrated, 
is constructed of heavy galvanized steel. An extra wide 
windband and carefully placed louvers prevent back 
drafts regardless of the direction of the wind. Easy 
passage for the exhaust air is offered by the inverted 
cone damper while the absence of braces in the air shafts 
avoids eddies which tend to interfere with the free, up- 
ward air current. 

Regulation of the damper position is provided by 
means of a coppered chain which catches in a patented 
slot making it unnecessary to tie the end of the operat- 
ing chain to a post or clamp below. Fire protection. is 
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provided for by the addition of a fusible link in the 
operating chain which, when melted, allows the damper 
to close tightly by gravity. Damper guards are so 
placed that the cone cannot become wedged or stuck in 
any position and free movement is always assured. 

Many years of manufacturing experience and scien- 
tifie design have been combined to make this a ventilator 
of the highest capacity and efficiency. The simple, 
rugged and fool-proof construction makes it applicable 
to almost any condition or service. 


Edgar Station Uses Special 


Vertical Dry Vacuum Pumps 


T THE famous high-pressure Edgar (Weymouth) 
station of the Edison Electric Illuminating Co. of 
of Boston, two 50,000-sq. ft. Worthington surface con- 
densers are installed, one for each of the two 30,000-kw. 
















VERTICAL ROTATIVE DRY-VACUUM PUMP IS DRIVEN BY 
DIRECT-CONNECTED SYNCHRONOUS MOTOR 





turbo-generators. At the present time 45,000 sq. ft. of 
surface is installed in each condenser. 

Air and non-condensable vapors are removed from 
these condensers by two vertical motor-driven rotative 
dry vacuum pumps of special design, one for each 
condenser. The air end of the pumps is similar in prin- 
ciple to the Worthington two-stage single-cylinder hori- 
zontal Feather valve dry-vacuum pump, with the excep- 
tion that the cylinder is arranged vertically and addi- 
tional valves are located in the piston itself. The ver- 
tical arrangement of the cylinder was adopted to econ- 
omiize in the floor space required. One of these pumps is 
shown in the illustration. 

The air-suction pipe from the condenser enters the 
upper portion of the pump cylinder, the air being drawn 
in on the down stroke of the pump. On the up stroke 
of the pump the air flows from the upper side of the pis- 
ton to the lower side through the Feather valves located 
in the piston itself. On the down stroke, this air is 
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compressed and delivered to atmosphere, the design 
being such that a two-stage effect is produced in one 
cylinder.. There is practically no’ compression in the 
first stage. This eliminates the loss in volumetric effi- 
ciency which occurs in pumps of the single-stage type 
when the air re-expands in the clearance space. 

Cylinder and heads are water jacketed and because 
of this, much of the steam vapor is condensed in the 
first stage of the eylinder. This condensation flows 
through the feather valves in the piston to the bottom 
half of the cylinder where it is discharged to atmos- 
phere. This also eliminates any water pockets and the 
possibility of ‘‘flashing’’ into vapor with drop in pres- 
sure ony: the suction stroke. The frame is thoroughly 
enclosed ‘and all bearings are lubricated by a forced- 
feed pump driven from the main shaft. 

Direct-connected motor drive is used, a General Elec- 
tri¢’ synchronous motor operating at 120 r.p.m. being 
motinted on the pump shaft. With an absolute pres- 
sure of 0.7 inch of mercury being maintained in the 
coridenser, the motor takes the remarkably low input of 
less than 21 hp. On closed suction the pump is capable 
of maintaining an absolute pressure of 0.1 inch of mer- 
cury. These pumps were specially designed for this 
work by Worthington Pump & Machinery Corp. 


International Standards Asso- 
ciation Proposes Constitution 


T THE Third International Conference on Stand- 

ardization which has just been held in New York 
City, a proposed constitution of the new organization 
was drafted, giving the basis of a general international 
organization for industrial standardization. At this con- 
ference the international organizing bodies in eighteen 
countries were officially represented, Hungaria and Aus- 
tria alone being without delegates. This proposed con- 
stitution of the new organization which is to be called 
the ‘‘International Standards Association’’ gives the 
aims and objects of the association as follows: 

‘“To lay the groundwork for international agreement 
upon standards by providing simple systematic means 
of interchanging information on the standardization 
work and activities in the different countries. 

‘‘To develop general guiding principles for the as- 
sistance of the national standardizing bodies. 

‘*To promote uniformity among the standards of the 
various national bodies. 

‘*Tt is the intention of the International Standards 
Association that its work shall include the approval of 
international standards and the administrative machin- 
ery herein set up is so designed that it may be readily 

“extended or modified to include the approval of such 
international standards when sufficient experience has 
been acquired.’’ 

Members of the International Standards Association 
are to be the central national standardizing bodies exist- 
ing in the different countries, one for each country, ac- 
cepting this constitution. The chief executive body is 
to be the ‘‘Plenary Assembly,’’ composed of delegates 
of all the national bodies, with the final authority rest- 
ing with the latter. Provision is also made for an ‘‘Ad- 
ministrative Council,’’ with control of finances and ad- 
ministrative matters, but with advisory powers in 
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important questions. The conference recommended that 
the seat of the new organization be in London, final 
decision to be made by the first Plenary Assembly. Work 
on technical questions will be in the hands of ‘‘tech- 
nical committees,’’ with official representation from each 
country interested. 

Financial support is to be divided into three parts; 
25 per cent of the total budget as a fixed sum to be 
divided equally among the national bodies; 50 per cent 
of the total budget based on the total annual foreign 
trade of each country; 25 per cent of the total budget 
based on the population of each country. 

During the sessions of the conference, informal nego- 
tiations were opened with the International Electrotech- 
nical Commission (an important international body now 
functioning in the specialized field of electrical engineer- 
ing) in regard to a unified organization, and the commit- 
tee of seven will undertake to secure joint action in the 
final organization which it is expected will be consum- 
mated when the Plenary Assembly is held. 

The conference was called by the American Engineer- 
ing Standards Committee, and was presided over by its 
Chairman, C. E. Skinner. Nearly all of the delegates 
to the conference are accompanying the members of the 
International Electrotechnical Commission, as guests of 
the American section of the latter. 


Worthington Diesel Passes Test 
for Shipping Board 


N CONNECTION with the article in the April 1 
I issue, describing the double-acting, two-cycle Diesel 
engines being built by the Worthington Pump and 
Machinery Corp. for the U. S. Shipping Board, data 
was given showing the results of a 30-day, non-stop test, 
but on an engine of/only one cylinder and of a smaller 
bore. 

Recently, a 30-day, non-stop test was completed on 
one of the standard 4-cylinder, 28 by 40-in. engines 
which the above manufacturer is building for the Ship- 
ping Board. Results of this test are shown in the fol- 
lowing table: 

Duration of test, hr 

Average speed, r.p.m 

Total revolutions 

Average br. hp 

Average indicated hp., top of cylinders 

Average indicated hp., bottom of cylinders.... 448 

Average indicated m.e.p., top., lb. per sq. in... 

Average indicated m.e.p., bottom, lb. per sq. in.. 

Indicated hp., total 

Mechanical efficiency, per cent 

Thermal efficiency, brake, per cent 

Fuel per i.hp.-hr., lb 

Fuel per br.hp.-hr., lb 

Gravity of fuel, deg. Be 

Lubricating oil consumed in cylinders and aux- 
iliaries per 24 hr., gal 


Propuction of electricity totaled over 65 billion kw.- 
hr. for 1925, as against 41 billion in 1921. So far, for 
1926, the output has been larger than for the correspond- 
ing months of 1925 and a new high record for the year is 
probable. 
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Commonwealth Edison Co. 
Orders 90,000-Kw. Turbine 


RAWFORD Avenue station of the Commonwealth 

Edison Co. of Chicago is to have a cross-compound 
turbine half again as large as any now in commercial 
service, and larger than any under construction. The 
new unit will be rated at 90,000 kw. and will be fur- 
nished by the General Electric Co. The turbine will 
consist of two sections—a high-pressure element of 35,000 
kw. capacity running at 1800 r.p.m., and a low-pressure 
element of 55,000-kw. and 1200 r.p.m., a 2000-kw. seryice 
generator is connected to the high-pressure element, and a 
500-kw. direct-connected exciter to the low pressure 
element. 

Operating conditions will be the same as for the other 
units in the station, with steam at 550 lb. gage and 750 
deg. F. total temperature. 

Addition of the 90,000-kw. turbine will bring the 
installed capacity of the Crawford Avenue station to 
327,000 kw. It is expected that the ultimate capacity 
of the station will reach 750,000 or even 1,000,000 kw. 

This 90,000-kw. unit will be 13 ft. 6 in. high. The 
length of the high pressure element will be 71 ft. and 
that of the low pressure 53 ft. The total weight will 
be 1,978,000 Ib. 


News Notes 


Kievey & MvuELteEr, Inc., has recently announced the 
appointment of Barrett-Christie Co. of Chicago as agents 
for the northern part of Illinois. 

THE Borer ENGINEERING Co. has moved from 760 
Broad St. to larger office space in the new Federal Trust 
Bldg., Newark, N. J. 

BaLiArD, SpracuEe & Co., engineers and contractors, 
are moving their offices from 200 Fifth Ave., New York, 
to 25 East 26th St., New York City. 

THE Rosert JuNE Engineering Management Organ- 
ization of Detroit, Mich., has moved its offices to 2208 
West Grand Blvd., where it now occupies an entire 
building, giving added facilities for service. 

Ritzy Stoker Corp. of Worcester, Mass., announces 
that C. Lincoln Smith, formerly district manager of its 


Cincinnati office, has been transferred to the Chicago of- 


fice of the corporation as district manager. 

HatL-Wnuu, Inc., is an organization formed for the 
manufacture of modern medium priced pipe threading 
machinery with factory in Erie, Pa. 

Officers of the new company are Leslie S. Hall, presi- 
dent and general manager, formerly president of the 
Williams Tool Corp. of Erie; vice president, C. Frank 
Williams, formerly general superintendent of plant of 
the Williams Tool Corp. and more recently with the 
Erie Steam Shovel Co.; secretary and treasurer, Harry 
W. Sims; directors, Gordon C. Hay, who will also be 
sales manager, J. W. McLeod, who will be Works man- 
ager, C. A. Rice and J. H. Sternberger. 

Sranparp Gas & Exectric Co. has acquired control 
of Standard Power & Light Corp., which controls vari- 
ous utility organizations supplying Pittsburgh and sur- 
rounding territory, as well as street railway service in 
San Francisco. 
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Urnuine InstruMENT Co., Paterson, N. J., an- 
nounces the appointment of W. B. McBurney, 619 Trust 
Co., of Georgia Bldg., Atlanta, Ga., as representative 
for Georgia and eastern Tennessee, in connection with 
Apex CO, Recorders and Indicators, Fuel Waste Meters 
and combined Barometers and Vacuum Recorders. 

Tue AsBesTos SHINGLE, SLATE & SHEATHING Co. of 
Ambler, Pa., is enlarging its facilities for the manufac- 
ture of Ambler ebonized asbestos lumber which is made 
from asbestos and Portland cement and treated to give a 
black ebonized surface, the material being used for 
switchboards, instrument panels and similar purposes. 

Ernest H. Exvsemeyer, president of the American 
Pulverizer Co. of St. Louis, Mo., died on April 16 at 
the age of 61 yr. Mr. Elsemeyer has been president and 
treasurer of this company from the time of its origin 
about 11 yr. ago. The business will be continued under 
the management of Edwin E. Elsemeyer, son of Ernest 
H., and Henry C. Griesediack. 

LinpLEy-DunniINnG Mra. Co., Germantown, Philadel- 
phia, Pa., is the name of a new company incorporated 
under the Pennsylvania State Laws for the manufacture 
of pumps and equipment for electric refrigeration. As- 
sociated in this company are Geo. W. Lindley, E. D. 
Dunning and F. I. Rennie. Mr. Dunning was formerly 
vice-president and general manager of the Dunning Com- 
pressor Co. of Homesburg, Philadelphia, but has given 
up all active duties in that company. 

E. F. WieperHoupt, president of the Wiederholdt 
Construction Co., St. Louis, Mo., died on April 13 at 
his home in Overland, Mo., as a result of cerebral hem- 
orrhage. Mr. Wiederholdt was born in St. Louis, 47 yr. 


ago, and received his higher education in Washington 
University from which he was graduated in 1901. The 
business of the company will be carried on under the 
management of C. A. Wiederholdt. 

THE ANNUAL REPORT of the American Brown Boveri 
Electric Corp. gives the outline of the enlarged activi- 
ties of that corporation and shows the various plants 


now controlled and their product. Financially the re- 
port shows total assets of $37,788,398, of which current 
assets are $12,899,873. Against this the current liabil- 
ties are $1,036,529. The net profit from operations for 
1925 was $1,254,289 and the adjusted net income after 
depreciation and interest charges but before income tax 
provision was $1,708,690. 

Tue CentraL Gas & Exxctric Co., Chicago, IIL, 
recently organized under Delaware laws by A. E. Pierce, 
Chicago, and associates, will take over and consolidate 
under one management electric light and power prop- 
erties in Illinois, Wisconsin, Michigan and Indiana, as 
well as in New York, Maine and New Brunswick, in- 
eluding the Illinois Public Utility Co., Lincoln, IIL; 
Wisconsin Public Utility Co., operating in the district 
northwest of Milwaukee; Lower Peninsula Power Co., 
furnishing service in the suburban districts of Grand 
Rapids, Mich. ; Hoosier Public Utility Co., Greensburgh, 
Ind., and vicinity; Vincennes Gas Co., Vincennes, Ind.; 
Princeton Utility Co., Princeton, Ind.; Consolidated 
Water Co., operating in the suburban New York district 
on the east side of the Hudson River; Maine and New 
Brunswick properties, operating in northwestern Maine 
and adjoining territories in New Brunswick; and the 
Houghton County Electric Co., furnishing service in 
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portions of Houghton and Keweenawa Counties, Michi- 
gan. To carry out the merger and provide for proposed 
expansion, the new organization has arranged for a bond 
issue of $6,500,000. Mr. Pierce is president. 


AMERICAN Brown Bovert Exectric Corp. announces 
that C. L. Bacon, who has been associated with the Con- 
solidated Copper Co., and more recently with the Gen- 
eral Electric Co., has joined the engineering staff of the 
American Brown Boveri Electric Corp. in the steam tur- 
bine division and will be located at Camden, N. J. This 
corporation has also secured the services of William 
Jorgensen, who has had a wide experience in industrial 
and central station power plants and has recently been 
associated with the Brooklyn Edison Co. as a mechanical 
engineer. 

THE CLEVELAND ILLUMINATING Co., Cleveland, Ohio, 
operated by the North American Co., same city, has 
completed arrangements for the purchase of the prop- 
erties of the Northeastern Ohio Power & Light Co., the 
Grand River Electric Light & Power Co., Rock Creek; 
Suburban Utilities Co., and the municipal electric light 
and power plant at Conneaut, all in the Lake Erie dis- 
trict east of Cleveland. Extensions will be made in 
transmission and distributing lines for service at the 
different communities. The company has active work 
under way on its new Avon generating station, scheduled 
to be completed during the present year at a cost of about 
$10,000,000. A similar sum will be expended during 
1926 in other extensions and betterments, including the 
acquisition of existing properties. The company is now 
operating more than 50 miles of transmission lines, serv- 
ing a total of more than 250,000 persons. 

AnpDREW C. Loupon, formerly vice-president of The 
Superheater Co., Ltd., of Montreal, Canada, died at his 
residence in Burlington, Vt., on April 11 as a result of 
illness from influenza and pneumonia. Mr. Loudon was 
born at Valleyfield, Quebec, in 1883, graduated from 
McGill University in 1906, after which he entered the 
employ of the American Locomotive Co. and later served 
as roundhouse foreman for the Grand Trunk Ry. at 
Island Pond, Vt. After a number of years service with 
other railway companies, he took up editorial work on a 
railway paper and in 1917 became associated with The 
Superheater Co. of New York, in which he rose rapidly 
to the position of vice-president in: 1921. 


THE GENERAL Gas & Exvectric CorPoraTION, New 
York, has completed negotiations for a controlling in- 
terest in the Blue Ridge Power Co., Hendersonville, N. 
C., the Manufacturers’ Power Co., Spartanburg, S. C., 
and subsidiary organizations. The acquired utilities 
have been operated jointly in the past by John A. Law 
and associates, furnishing service at Inman, Campobello, 
Greer, Chesnee and Landrum, S. C., and at Tryon and 
Saluda, ‘N. C., in addition to places previously noted. 
The purchasing company also controls the South Caro- 
lina Gas & Electric Co., operating at Spartanburg and 
vicinity, and will consolidate the different interests. 


THE city or Grand Forks, B. C., has just purchased 
of the Granby Consolidated Mining, Smelting & Power 
Co. all its interests in Smelter Lake and dam, adjacent 
to the town, and will early next fall install there a power 
plant at an estimated figure of $35,000. The object is to 
furnish the necessary power for city purposes—about 500 
hp.—and a surplus to encourage the location of indus- 
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tries at that point, as well as irrigate considerable fruit 
areas. It is estimated that 1200 hp. will be required. 


Catalog Notes 


James G. Bipp.e, 1211 Arch St., Philadelphia, has 
recently put on the market the Dionic water tester de- 
scribed in his bulletin No. 1125. 

This tester is for measuring the conductivity of weak 
solutions and is useful in determining the leakage into 
a surface condenser, the amount of boiler priming, con- 
centration of boiler water, hardness of water, polution 
of streams and the concentration of solutions in chemical 
processes. The construction and action are fully de- 
seribed in the bulletin. 

TraDE STANDARDS adopted by the Compressed Air 
Society are discussed in detail in the second edition of 
an interesting 50-page bulletin just issued by the society. 

CLEVELAND CRANE & ENGINEERING Co. describes vari- 
ous details and applications of the Cleveland Electric 
Tramrail in a recent bulletin. 

Tue Bartuert-Haywarp Co., Baltimore, Md., has 
recently issued a bulletin discussing Fast’s Flexible 
Coupling and its function in eliminating fatigue of 
metal in the coupling by eliminating flexible materials. 

Tue Burra.o Force Co., Buffalo, N. Y., has recently 
issued a folder, describing the Buffalo Breezo-Fin 
Heaters. These units are a combination of radiators 
and fans and are particularly adaptable to factory use. 

THE CasEeY-HeEpGEs Muuti-Pass WATER TUBE BOILER 
is illustrated and described in a new 42-page catalog, 
M-P 4, just issued by The Casey-Hedges Co., Chatta- 
nooga, Tenn. Copies will be sent by the company to 
anyone interested. 

FREYN ENGINEERING Co., Chicago, IIl., has just pub- 
lished Volume 1, No. 1 of Freyn Design, which is a pub- 
lication of occasional issue edited by this company and 
will contain articles dealing with engineering develop- 
ments which have been carried out by the Freyn Engi- 
neering Co. 

INSTRUCTIONS FOR INSTALLATION AND CARE OF Ther- 
mo-Electric Pyrometers has been issued in the second 
edition by Brown Instrument Co., Philadelphia, Pa., 
completely revised and brought up to date to cover the 
Brown line of continuous recorders brought out during 
the past 15 mo. 

Bonney Force & Toot Works has recently issued a 
miniature reproduction in pocket size of its large catalog, 
for the special benefit of mechanics. An interesting fea- 
ture of the catalog is that prices of all products are given, 
as well as full dimensions of the various types of “S” 
wrenches, double head engineers’ wrenches, socket 
wrenches and many others. 

‘Do You Use Your Piant NeEwsPaPer?’’ an at- 
tractive bulletin just issued by C. J. Tagliabue Mfg. 
Co., Brooklyn, N. Y., presents a discussion of the value 
of recording instruments in general and shows how such 
instruments give constant and accurate news of just 
what is happening in the plant. Copies will be sent 
free to those interested. 

Power Factor AND MEANS FoR Its IMPROVEMENT is 
the title of bulletin GEA-232, a 33-page illustrated pub- 
lication recently issued by the General Electric Co., 
Schenectady, N. Y. 
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